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In 1993, Naval Base (NA VBASE) Charleston was added to the list of bases scheduled for 

closure as part of the Defense Base Realignment and Closure Act (BRAC), which regulates 

closure and transition of property to the community. The Charleston Naval Complex (CNC) 

was formed as a result of the dis-establishment of the Charleston Naval Shipyard and 

NA VBASE on April 1, 1996. 

Corrective Action (CA) activities are being conducted under the Resource Conservation and 

Recovery Act (RCRA), with the South Carolina Department of Health and Environmental 

Control (SCDHEC) as the lead agency for CA activities at the CNC. All RCRA CA activities 

are performed in accordance with the Final Permit (Permit No. SCO 170022 560). 

In April 2000, CH2M-Jones was awarded a contract to provide environmental investigation 

and remediation services at the CNC. This submittal has been prepared by CH2M-Jones to 

complete the RCRA Facility Investigation (RFI) for Solid Waste Management Units 

(SWMUs) 22, 25, and 70, and Areas of Concern (AOCs) 548, 549, and 554. This group of sites 

is herein referred to as Combined SWMU 70. This report also contains a Corrective 

Measures Study (CMS) Work Plan for the Combined SWMU 70 site, which will evaluate 

corrective measure alternatives that are proposed for the soil and groundwater at the site. 

Figure 1-1 presents the location of Zone E within the CNC. Figure 1-2 shows the location of 

the Combined SWMU 70 area within Zone E. 

20 1.1 Background 
21 SWMU 22, the Old Plating Shop Wastewater Treatment System, was originally constructed 

22 in 1972 and is located on the southeast side of Building 5. The system consisted primarily of 

23 a 5-foot (ft) by 5-ft by 8-ft concrete collection sump partitioned in half. One side 

24 accumulated acid wastewater, while the other side collected cyanide and alkaline 

25 wastewater. The treated effluent was discharged to the sanitary sewer. Other components 

26 included an elevated 1,000-gallon clarifier, four mixing tanks (two 70-gallon and two-250-

27 gallon), chemical feed equipment, and associated piping. This unit became inactive around 

28 1983 when the new metal plating waste treatment facility began operation. 

29 SWMU 25, an electroplating operation located near the southwestern portion of Building 5, 

30 was operational until 1983. The facility stored approximately 40 metal tanks containing 

SWMUlOZERRRAREVO.OOC 1-1 
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1 solutions used in the plating process. The concrete floor showed signs of deterioration at 

2 this location. The process tanks were removed in 1992. 

3 AOC 554 is the former Building 1003 location. Building 1003 was used as a paint shop from 

4 approximately 1909 to 1940. No additional information regarding the size, design features, 

5 or operating practices is known regarding this unit. 

6 SWMU 70 consists of a former dip tank at the northwest comer of Building 5. The dip tank 

7 was used to treat wood with a fire retardant chemical. The tank was removed in 1981 when 

8 the shipyard began receiving pre-treated lumber. No information was found indicating 

9 when the operations started. 

10 AOC 548, an electric hydraulic elevator, is located on the western side of Building 5. The 

11 elevator is in a shaft that is paved on the bottom with approximately 8 inches of concrete. 

12 Containment is provided by a container that captures hydraulic fluid leaks and returns the 

13 fluid to the main reservoir. However, this containment system has not been in place 

14 throughout the life of this unit. 

15 AOC 549 is the site of a former scrap yard north of Building 5, which was in operation 

16 during the 1920s and 1930s. No information was found concerning its operating practices. 

17 This area is currently paved with concrete and asphalt. 

18 1.2 Purpose of the RFI Report Addendum/eMS Work Plan 
19 This RFI Report Addendum contains two RCRA submittals - the RFI Report Addendum 

20 and the CMS Work Plan for Combined SWMU 70. Sections 2.0 through 6.0 of this document 

21 address topics associated with the RFI Report Addendum. This portion of the submittal 

22 provides information about Combined SWMU 70 and documents the conclusions presented 

23 for the site in the Zone E RFI Report, Revision 0 (EnSafe Inc. [EnSafe], 1997). Appendix A 

24 provides CH2M-Jones' responses to SCDHEC comments made regarding the Zone E RFI 

25 Report, Revision O. 

26 The RFI Report Addendum also provides the results of additional sampling performed after 

27 completion of the Zone E RFI Report, Revision 0 in order to complete the nature and extent 

28 investigation for chemicals of potential concern (COPCs) that were identified in surface soil, 

29 subsurface soil, and groundwater. This document evaluates these additional data, and 

30 provides conclusions regarding further RCRA activities at Combined SWMU 70. 

31 The CMS Work Plan, contained within Sections 7.0 through 9.0 of this submittal, evaluates 

32 and refines the findings for Combined SWMU 70, as presented in the Zone E RFI Report, 

SWMU7OZERFIRAREVO.DOC 1·2 



RA REPORT ADOENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEPlEMBER 2002 

1 Revision 0 and subsequent investigations, particularly as they relate to the chemicals of 

2 concern (COCs) identified at Combined SWMU 70. 

3 Prior to changing the status of any site to No Further Action (NF A) in the CNC RCRA CA 

4 permit, the BRAC Cleanup Team (OCT) agreed that the following issues should be 

5 considered: 

6 • Status of the RFl 

7 • Presence of metals (inorganics) in groundwater 

8 • Potential linkage to SWMU 37, Investigated Sanitary Sewers at the CNC 

9 • Potential linkage to AOC 699, Investigated Storm Sewers at the CNC 

10 • Potential linkage of AOC 504, Investigated Railroad Lines at the CNC 

11 • Potential linkage to surface water bodies (Zone J) 

12 • Potential contamination associated with oil/water separators (OWSs) 

13 • Relevance or need for land use controls (LUCs) at the site 

14 lnformation regarding these issues is provided in this submittal. At this time, Combined 

15 SWMU 70 is not being recommended for NF A. However, the above information is 

16 presented in this report as it will eventually be required for the site to be considered for 

17 NFA in the future. 

18 1.3 Report Organization 
19 This RFl Report Addendum/CMS Work Plan consists of the following sections, including 

20 this introductory section: 

21 1.0 Introduction - Presents the purpose of the report and background information 

22 regarding the Combined SWMU 70 area. 

23 2.0 Summary of RFI Conclusions for Combined SWMU 70 - Summarizes the conclusions 

24 from the RFI investigations for the area comprising Combined SWMU 70. 

25 3.0 Summary of Interim Measures - Summarizes four different interim measures (IMs) 

26 completed at Combined SWMU 70. 

27 4.0 Summary of Additional Investigations - Summarizes information collected at 

28 Combined SWMU 70 after completion of the Zone E RFI Report, Revision O. 
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1 5.0 COPGCOC Refinement -Provides further evaluation of COPCs based on the RFI 

2 report and additional data to assess them as COCs. 

3 6.0 Summary of Information Related to Site Ooseout Issues-Discusses the various site 

4 closeout issues that the BCT agreed to evaluate prior to site closeout. 

5 7.0 Remedial Action Objectives and Media Oeanup Standards - Defines the remedial 

6 action objectives (RAOs) and associated media cleanup standards (MCSS) for the COCS that 

7 are identified in Section 5.0, This section also presents nature and extent of COCs for the 

8 Combined SWMU 70 area, 

9 8.0 Evaluation of Corrective Measure Alternatives - Addresses the CMS procedures that 

10 will be used to evaluate and compare relevant remedial approaches to achieving RAOs and 

11 MCS for the COCS, 

12 9.0 Discussion of Potential Remedial Technologies - Presents potential remedial 

13 technologies that will be evaluated in the CMS for Combined SWMU 70, 

14 10.0 References - Lists the references used in this document. 

15 Appendix A contains responses to SCHDHEC comments on the Zone E RFI Report, Revision 

16 O. 

17 Appendix B contains 1M Completion Reports (Appendices B-1 through B-4), which detail 

18 the completion of the four IMs executed in the Combined SWMU 70 site by the 

19 Environmental Detachment Charleston (DEl). 

20 Appendix C contains the summary tables for constituents that were detected in soil and 

21 groundwater at Combined SWMU 70 during the post-RFI sampling events. 

22 Appendix D contains the analytical data for the post-RFI soil and groundwater collection 

23 events conducted at Combined SWMU 70. 

24 Appendix E contains the data validation report for the post-RFI soil and groundwater 

25 collection events. 

26 Appendix F contains summary tables of the COPC screening process for soil and 

27 groundwater at Combined SWMU 70, exposure factors for these media, exposure point 

28 concentrations (EPCs) for the COPCs, toxicity factors for the preliminary COPCs, as well as 

29 other risk summary information relevant to this site. 
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Appendix G contains summary tables that present risk characterization results for future 

potential receptors at the Combined SWMU 70 site. 

Appendix H contains the site-specific soil screening level (SSL) and dilution attenuation 

factor (DAF) calculation for Combined SWMU 70. 

Appendix I contains a copy of the results report for the pilot test that was conducted at 

Combined SWMU 70 to assess the effectiveness of the FeroxsM process for treating 

hexavalent chromium in groundwater, implemented by CH2M-Jones in 2002. 

Appendix J contains the analytical results from the groundwater sampling conducted at 

Combined SWMU 70 during March 2002. 

Appendix K contains the full analytical report for all groundwater data collected as part of 

the ZVI pilot study. 

Appendix L contains a copy of CH2M-Jones' Responses to EPA Comments regarding the 

RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Revision 0 (September 

2002). 

All tables and figures appear at the end of their respective sections. 
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2.0 Summary of RFI Conclusions for Combined 
SWMU70 

The results of the RFI for Combined SWMUs 22/25 and AOC 554 were discussed in Section 

10.3 of the Zone E RFl Report, Revision 0 (EnSafe, 1997). The RFI results for SWMU 70 and 

AOCs 548/549 are found in Section 10.8 of the RFI report. For the purpose of clarity, these 

sites will herein be referred to as Combined SWMU 70. 

According to the Zone E RFl Report, Revision 0, antimony, cadmium, chromium (total), 

copper, lead, and benzo[a]pyrene equivalents (BEQs) were identified as COCs in the surface 

soil. No COCs were identified for subsurface soils following the Tier II COPC refinement 

step performed in the original RFI. 

Aluminum, antimony, cadmium, chromium (total), nickel, benzene, chlorobenzene, 

chlordane (alpha and gamma), chloroform, tetrachloroethene (PCE), trichloroethene (TCE), 

and cis-1,2-dichloroethene (cis-l,2-OCE) were identified as COCs for shallow groundwater 

at Combined SWMU 70. Antimony, chromium (total), thallium, chloroform, PCE, TCE, and 

cis-l,2-OCE were identified as COCs in the deep groundwater. These constituents are 

discussed in the following subsections. 

2.1 Surface Soil Results 
The results for soil samples were compared in the Zone E RFl Report, Revision 0 to the 

applicable screening criteria (U.s. Environmental Protection Agency [EPA] Region III 

residential risk-based concentrations [RBCs ], EPA Office of Solid Waste and Emergency 

Response [OSWER] generic soil screening levels [SSLs], or background values). Analytes 

that exceeded the screening criteria were further evaluated in the fixed-point risk evaluation 

(FRE) to determine which of these parameters was considered a COC at Combined SWMU 

70. To assess the soil-to-groundwater leachability potential, maximum concentrations of 

detected chemicals were compared to the generic SSL or background values. Parameters 

that exceeded the soil-to-groundwater leachability criteria were further evaluated in a soil

to-surface water transport screening (Tier II evaluation). This evaluation used adjusted SSLs 

based on a Site-specific OAF that is protective of surface water in the Cooper River. A 

chemical was considered a leachability COC only if its concentration exceeded the adjusted 

Tier II SSL. 
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1 The screening of surface soil resulted in the identification of the following surface soil 
2 COCs: 

3 

4 

5 

6 

7 

8 

9 

• Antimony 

• Cadmium 

• CJhromium, total 

• Copper 

• Lead 

• BEQs 

2.1.1 Antimony 
10 Antimony was detected in eight of 35 surface soil samples and five of 33 subsurface soil 

11 samples collected. One surface soil sample exceeded the soil background reference 

12 concentration (BRC) and EPA Region III Residential RBC. No surface soil samples exceeded 

13 the industrial RBC. Four soil samples exceeded the SSL for antimony. Antimony was 

14 identified as a COC due to its contribution to a Hazard Index (HI) greater than 1.0 for the 

15 FRE that was used for a residential receptor exposed to surface soils. Antimony was 

16 identified as a soil-to-groundwater leaching concern because it exceeded the generic 55L of 

17 2.5 milligrams per kilogram (mg/kg). However, following the Tier II evaluation for cross-

18 media transport from soil to surface water (i.e., the Cooper River), antimony was not 

19 considered a COC based on leachability concerns. 

20 2.1.2 Cadmium 
21 Cadmium was detected in 20 of 35 surface soil samples and 10 of 33 subsurface soil samples. 

22 Four samples exceeded the residential criteria in surface soils. Cadmium did not exceed the 

23 industrial RBC in surface soils. Cadmium exceeded the 55L in four surface soil and three 

24 subsurface soil samples, Cadmium was identified as a COC based on its contribution to a HI 

25 greater than 1.0 for the residential receptor FRE. Cadmium was identified as a soil-to-

26 groundwater leaching concern because it exceeded the generic 55L of 4 mg/kg. However, 

27 following the Tier II evaluation for cross-media transport from soil to surface water (i.e., the 

28 Cooper River), cadmium was not considered a COC based on leachability concerns. 

29 2.1.3 Chromium (Total) 
30 CJhromium (total) was detected in all 35 surface soil samples and all 33 subsurface soil 

31 samples collected. Chromium (total) exceeded the EPA Region III residential RBC (HI=O.l) 

32 in six samples and the industrial RBC once in surface soils. CJhromium (total) exceeded the 

33 surface soil BRC twice and the subsurface soil BRC three times, The hexavalent chromium 

34 55L was not applied to the chromium at this site. The original RFI screened for leachability 
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potential against the BRC of 94.6 mg/kg, but did not apply the hexavalent chromium SSL of 

19 mg/kg. Because hexavalent chromium was not detected in the single duplicate surface 

soil sample and was infrequently detected (and only at low concentrations) in the 

hexavalent state (4 of 59 samples) in Zone E, it was assumed in the Zone E RFI Report, 

Reuision 0 that this SSL was not applicable. 

Chromium (total) was identified as a COC based on its contribution to a HI greater than 1.0 

for the residential receptor FRE. Chromium (total) was identified as a soil-to-groundwater 

leaching concern for exceeding the background reference value of 94.6 mg/kg. However, 

following the Tier II evaluation for cross-media transport from soil to surface water (i.e., the 

Cooper River), chromium (total) was not considered a COC based on leachability concerns. 

2.1.4 Copper 
Copper was detected in all 35 surface soil samples and 28 of 33 subsurface soil samples 

collected. The EPA Region III residential RBC (HI=O.l) was exceeded in five surface soil 

samples and the industrial RBC (HI=O.l) was exceeded in one sample. The BRC was 

exceeded in 10 samples. There is no generic SSL for copper and the BRC was taken as the 

screening criteria for migration to groundwater. Using the BRC as the criteria, six surface 

soil samples and one subsurface soil sample exceeded the BRC. Copper was identified as a 

COC based on its contribution to a HI exceeding unity for the residential receptor FRE. 

Copper was identified as a soil-to-groundwater leaching concern because it exceeded the 

BRC of 152 mg/kg. However, following the Tier II evaluation for cross-media transport 

from soil to surface water (i.e, the Cooper River), copper was not considered a COC based 

on leachability concerns. 

2.1.5 Lead 
Lead was detected in all 35 surface soil and all 33 subsurface soil samples collected. Three 

surface soil samples exceeded the EPA Region III residential screening level of 400 mg/kg 

for lead and exceeded the industrial screening level of 1,300 mg/kg once. The BRC was 

exceeded four times. Lead exceeded the leachability criteria in four samples. Lead was not 

quantitatively evaluated in the FRE but was considered a COC based on its maximum 

detected concentration of 1,620 mg/kg, which exceeds the 400 mg/kg RBC. Lead was 

identified as a soil-to-groundwater leaching concern for exceeding the screening level of 400 

mg/kg. However, following the Tier II evaluation for cross-media transport from soil to 

surface water (i.e., the Cooper River), lead was not considered a COC based on leachability 

concerns. 
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2 BEQs were detected in 27 of 39 surface soil and 11 of 37 subsurface soil samples collected. 

3 Nineteen surface soil samples exceeded the EPA Region III residential RBC for 

4 benzo[a]pyrene, and three exceeded the industrial RBC. No BRC was established for BEQs 

5 in the Zone E RFI Report, Revision O. BEQs contributed to an overall Incremental Lifetime 

6 Cancer Risk (ILCR) exceeding lE-6, and were identified as COCs. None of the carcinogenic 

7 polycyclic aromatic hydrocarbons (cP AHs) that are included in the BEQ calculations 

8 exceeded their respective soil-to-groundwater generic 5515, 

9 2.2 Subsurface Soil Results 
10 The results of the subsurface soil sample analyses were compared in the Zone E RFI Report, 

11 Revision 0 to the applicable screening criteria (EPA OSWER SSLs or BRCs) to assess the 

12 leachability potential of chemicals detected in soils. All chemicals were screened against an 

13 SSL with a DAF of 10, This was presented as the soil-to-groundwater Tier I screening 

14 process. Chemicals exceeding the Tier I criteria were carried over to a Tier II screening. 

15 Groundwater-to-surface water Tier II screening compared constituents to a site-specific 55L 

16 that was calculated on the basis of an adjusted tap water RBC. The RBC was adjusted by a 

17 site-specific factor to account for dilution by the Cooper River. Any chemical exceeding the 

18 Tier II screening value was considered a COC based on leachability. 

19 In the Zone E RFI Report, RevisUm 0, no constituents were identified as COCs in subsurface 

20 soil following the Tier II screening process. 

21 2.3 Shallow Groundwater Results 
22 The results from the first quarter groundwater analyses were evaluated in the Zone E RFI 

23 Report, Revision 0 and compared to EPA Region III tap water RBCs and appropriate BRC 

24 values. Analytes that exceeded the screening criteria were further evaluated in the FRE to 

25 determine which chemicals were considered COCs at this site. Based on the FRE results, the 

26 Zone E RFI Report, Revision 0 identified the following shallow groundwater COCs for the 

27 Combined SWMU 70 area: 

28 • Aluminum 

29 • Antimony 

30 • Cadmium 

31 • Chromium (total) 

32 • Nickel 

SWMU7OZERRRAREVO.DQC 



1 • 1,2-DCE (total) 

2 • Benzene 

3 • Chlorobenzene 

4 • PCE 

5 • TCE 

6 • alpha-Chlordane 

7 • gamma-Chlordane 

8 2.3.1 Aluminum 
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9 Aluminum was detected in six of nine shallow groundwater samples collected at this site. 

10 One sample exceeded the EPA Region ill residential RBC of 3,700 micrograms per liter 

11 (Jtg/L), and two samples exceeded the BRC of 2,810 Jtg/L. Although the HI for aluminum 

12 did not exceed 1.0, aluminum was identified as a cae due to its contribution to an overall 

13 HI greater than 1.0 in the PRE for shallow groundwater. 

14 2.3.2 Antimony 
15 Antimony was detected in three of nine shallow groundwater samples collected at 

16 Combined SWMU 70. All three detected concentrations of antimony exceeded the EPA 

17 Region ill residential RBC of 1.5 Jtg/L. Six non-detect sample quantitation limits (SQL) also 

18 exceeded the residential RBe. No BRC had been established for this chemical in shallow 

19 groundwater. Antimony was identified as a cae based on its HI exceeding 1.0 in the PRE. 

20 2.3.3 Cadmium 
21 Cadmium was detected in five of nine shallow groundwater samples. Three samples 

22 exceeded the EPA Region ill residential RBC of 1.8 Jtg/L. No BRC had been established for 

23 cadmium. One sample contnbuted to a HI of 10.8 (E025GW003), while all others were below 

24 1.0. Cadmium was identified as a cae based on a HI exceeding 1.0 in the PRE. 

25 2.3.4 Chromium (Total) 
26 Chromium was detected in seven of nine groundwater samples collected at Combined 

27 SWMU 70. Six samples exceeded the EPA Region ill residential RBC and seven exceeded the 

28 BRe. Six samples were one to two orders of magnitude (127 to 7,350 Jtg/L) greater than the 

29 RBC (18 Jtg/L) and BRC (12 Jtg/L). Detected chromium was compared to its hexavalent-

30 state RBC during the screening process and the PRE. The HI for chromium ranged between 

31 0.2 and 94.0. Six samples exceeded an HI of 1.0 for chromium. Chromium was considered a 

32 cae and identified as the primary noncarcinogenic risk driver in the PRE. 
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2.3.5 Nickel 
Nickel was detected in five of nine shallow groundwater samples analyzed at Combined 

SWMU 70. One sample exceeded the EPA Region ill residential RBC of 73 /Lg/L, and two 

samples exceeded the BRC of 15.2 JLg/L. The HI for nickel exceeded 1.0 in the residential 

groundwater FRE at one location (E025GWOO3) and was considered a COC for shallow 

groundwater, 

2.3.6 1 ,2-DCE (Total) 
Total1,2-DCE was detected in five of nine shallow groundwater samples. Three wells 

exceeded the tap water RBC of 5.5 /Lg/L. Although total1,2-DCE did not exceed a HI of 1.0 

for residential shallow groundwater, it was identified as a COC based on its contnbution to 

an overall HI greater than 1.0 in the FRE. 

2.3.7 Benzene 
Benzene was detected in one of nine shallow groundwater samples included in the original 

RFI. The single detection from monitoring well E549GWOO1 was an estimated ("n value of 

2 /Lg/L which exceeded the tap water RBC of 0.36 /Lg/L. Benzene was considered a COC 

based on its contribution to an ILCR of greater than 1.0E-6 in the FRE. 

2.3.8 Chlorobenzene 
Chlorobenzene was detected in one of nine shallow groundwater samples. A value of 29 

/Lg/L was detected at E549GWOO1. This detected value exceeded the tap water RBC of 3.9 

JLg/L. Although chlorobenzene did not exceed a HI of 1.0 for shallow groundwater and was 

not associated with an overall HI exceeding 1.0, it was included as a COC in the residential 

FRE. 

2.3.9 PCE 
PCE was detected in two of nine samples. Both detections were estimated detections ('T) of 

1 and 3 /Lg/L. One sample exceeded the tap water RBC of 1.1 /Lg/L. PCE was considered a 

COC based on its ILCR exceeding the 1E-6 risk level at a single location (E025GWOO3) in the 

FRE. 

2.3.10 TCE 
TCE was detected in five of nine shallow groundwater samples. TCE exceeded the tap water 

RBC of 1.6 /Lg/L in all five samples, which ranged from 2 to 15 /Lg/L. TCE was considered a 

COC for shallow groundwater based on its ILCR exceeding lE-6 in the FRE. 

SWMU7OZERRRAREVO.OOC 2-6 



't:_ 

RA REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEPTEMBER 2002 

1 2.3.11 Alpha-thlordane 
2 

3 

4 

5 

Alpha-Chlordane was detected in one of nine samples in shallow groundwater. The single 

detection of 0.16 pg/L exceeded the tap water RBC for chlordane of 0,052 pg/L, and was 

identified as a COC based on its lLCR exceeding the 1E-6 risk level at a single location 

(E025GWOO1) in the PRE. 

6 2.3.12 Gamma-thlordane 
7 

8 

9 

10 

Gamma-Chlordane was detected in one of nine samples in shallow groundwater, The single 

detection of 0.12 pg/L exceeded the tap water RBC for chlordane of 0.052 pg/L, and was 

identified as a COC based on its lLCR exceeding the 1E-6 risk level at a single location 

(E025GWOO1) in the PRE, 

11 2.4 Deep Groundwater Results 
12 One deep well (E07OGWOID) was installed at Combined SWMU 70. The groundwater 

13 sample results were compared to the EPA Region I1I tap water RBC and the BRC in the Zone 

14 E REI Report, Revision 0, Analytes exceeding the screening criteria were included in the deep 

15 groundwater PRE. IT a COC contributed to an overalllLCR of lE-6 or a HI exceeding 1.0, it 

16 was considered a COC for deep groundwater. The following chemicals detected in deep 

17 groundwater were considered COCs in the Zone E REI Report, Revision 0: 

18 • Antimony 

19 • Chromium (total) 

20 • Thallium 

21 • 1,2-DCE (total) 

22 • Chloroform 

23 • PCE 

24 • TCE 

25 2.4.1 Antimony 
26 Antimony was detected at a concentration of 115 pg/L in deep well E07OGWOlD, which 

27 exceeded the tap water RBC of 1.5 pg/L. Antimony was considered a COC based on its HI 

28 of 18.4 in the PRE. 

29 2.4.2 Chromium (Total) 
30 Chromium was detected at 52,500 pg/L. Chromium was assumed to be in the hexavalent 

31 form and exceeded the tap water RBC of 18 pg/L for hexavalent chromium and the BRC of 
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1 15.5 p.g/L. Chromium was the primary noncarcinogenic risk driver with a HI of 671,2 in the 

2 FRE. 

3 2.4.3 Thallium 
4 Thallium was detected in deep groundwater at a concentration of 9.5 p.g/L, which exceeded 

5 the tap water RBC of 0.29 p.g/L and the BRC of 2 p.g/L. Thallium was considered a COC 

6 based on its ILCR exceeding 1E-6 in the FRE. 

7 2.4.4 1,2-DCE (Total) 
8 Total1,2-DCE was detected at 10 p.g/L, which exceeded the tap water RBC of 5.5 p.g/L. 

9 Although it did not exceed a HI of 1.0 in deep groundwater, total1,2-DCE was considered a 

10 COC based on its contribution to an overall HI exceeding 1.0 in deep groundwater. 

11 2.4.5 Chloroform 
12 Chloroform was detected at 7.0 /Lg/L, which exceeded the tap water RBC of 0.15 /Lg/L. As 

13 the ILCR for chloroform was 9.0E-6 in deep groundwater, it was considered a cac for 

14 residential pathways. 

15 2.4.6 PCE 
16 PCE was detected at 8 /Lg/L, which is above the tap water RBC of 1.1 p.g/L. PCE contnbuted 

17 an ILCR of 6.4E-6, and was therefore considered a COC for deep groundwater in the FRE. 

18 2.4.7 TCE 
19 TCE was detected at 22 p.g/L, which exceeded the tap water RBC of 1.6 /Lg/L. TCE 

20 contributed an ILCR of 5.6E-6 for deep groundwater in the FRE, and was therefore 

21 considered a COCo 

22 2.5 Sediment Results 
23 One sediment sample (E025MOOO101) was taken from a lined catch basin located at SWMU 

24 25. The original RFI screened sediments against the industrial soil RBC. BEQs, arsenic, 

25 chromium, and lead were identified as exceeding their industrial RBCs. 
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3.0 Summary of Interim Measures 

Following completion of the Zone E REI Report, Revision 0 (EnSafe, 1997), it was decided by 

the Southern Division Naval Facilities Engineering Command (SOU1HDIV) that a series of 

IMs would be performed by the Supervisor of Shipbuilding, Conversion and Repair, 

Portsmouth V A, Environmental Detachment Charleston, or SPORTENVDETCHASN 

(herein referred to as the DET). The following four IMs were completed: 

1. Demolition and removal of the Building 44 Annex (the former plating shop). 

2. Removal of chromium-contanrinated fluid from the electrical vault. 

3. Removal of electrical cable, contaminated conduit, and the electrical vault. 

4. Cleaning of the storm drain. 

The purpose of the first three IMs was to remove the source of soil and groundwater 

contamination at SWMU 25. The objectives for these IMs were completed with the 

installation of an asphalt cap at SWMU 25, which resulted in minimizing the infiltration 

pathway that would facilitate further migration of contaminants from surface and 

subsurface soils into the groundwater. The objective of the fourth IM was to remove 

contaminated sediments from the storm sewers throughout the CNC. 

17 3.1 Demolition and Removal of Building 44 Annex 
18 The objective of the first IM was to demolish and remove the Building 44 Annex. The 

19 Building 44 Annex contained the former electroplating facility and its removal was 

20 considered consistent with the ultimate cleanup of SWMU 25 by allowing access to the soil 

21 beneath the building. In April 1997, the DET demolished and removed 396 tons of building 

22 materials from SWMU 25. During the demolition a high voltage utility manhole (electrical 

23 vault 7 A) could not be removed as planned. It could not be determined if the seven 

24 electrical cables running through the electrical vault were energized and no attempt was 

25 made to remove the cables and vault. The IM Completion Report for this first IM is 

26 presented as Appendix B-l. 
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3.2 Delineation and Removal of Chromium-Contaminated 
Fluid from Electrical Vault 

Subsequent to the first 1M perfonned in April 1997, SOUTHON decided that an 

investigation would be perfonned by the DET to determine! delineate the extent of 

contamination in electrical vault 7 A and the surrounding surface soil. In August 1997, the 

DET perfonned soil sampling at fourteen locations in SWMU 25. Upper and lower intervals 

were collected for a total of 28 samples. Samples were analyzed for metals, semivolatile 

organic compounds (SVOCs), and volatile organic compounds (VOCs). The Investigative 

Report (JR) for SWMU 25 stated that the source of contamination was electrical service vault 

7 A. The JR recommended that protective measures be taken to remove the source area for 

contamination at SWMU 25. The 1M Completion Report for this second completed 1M is 

presented as Appendix B-2. 

In June 1998, 6,203 pounds of chromium-contaminated fluid was removed by the DET from 

the electrical vault. This fluid exceeded the 5 parts per million (ppm) level specified by 40 

CFR 261.64 Table I-Maximum Concentration of Contaminants for the Toxicity Characteristic 

Leaching Potential. Two soil core samples taken from within the vault also exceeded the 5 

ppm Toxicity Characteristic Leachate Procedure (TCLP) level. Protective measures were 

implemented in July 1999 and documented in the Final Completion Report for the SWMU 

25 Interim Measure. The results of this effort are presented in the 1M Completion Report 

found in Appendix B-2. 

21 3.3 Removal of Electrical Cable, Contaminated Conduit, and 
22 Electrical Vault 
23 For the third 1M perfonned at the site, which was completed by the DET in July 1999, the 

24 following actions were taken: 

25 • Remove the electrical cables from the electrical service vault 7 A. 

26 • Remove the cable conduits leading to and from electrical service vault 7 A. 

27 • Remove electrical service vault 7 A and associated soil and backfill. 

28 • Cap the area with a layer of asphalt. 

29 Approximately 50,360 pounds (25 tons) of debris and soil were removed and disposed of 

30 from SWMU 25. The 1M Completion Report for the third 1M completed at SWMU 25 is 

31 presented as Appendix B-3. This report also addresses the work that was descnbed above in 

32 Section 3.2. 
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1 3.4 Cleaning of the Storm Drain 
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2 The fourth 1M involved cleaning the stonn sewers at CNC; this work was completed by the 

3 DET in early 1999, The execution of this 1M consisted of cleaning catch basins piped to the 

4 stonn drain system, isolated/abandoned catch basins, and OWSs, along with portions of 

5 nine different stonn drain piping runs which lead to outfalls, A total of nine different stonn 

6 drain piping runs were targeted for cleanout, based on the presence of accumulated bottom 

7 sludge/sediments that exceed residential or industrial RBC levels, 

8 One of the stonn sewer segments targeted for sediment removal was connected to SWMU 

9 25, based on the elevated sediment results, as reported in Section 2.5, To remove 

10 contaminated sediment, a Jet-Rodder device was inserted into a downstream manhole and 

11 crawled forward to the next upstream manhole, Vacuuming was used to remove process 

12 water and sediment with contaminants; vacuuming was perfonned at the injection point of 

13 the Jet-Rodder device. The segments of sewer pipe run cleaned out at SWMU 25 and 

14 downstream of the contaminated sediment location is presented in Figure 7 A of the 1M 

15 Completion Report for this fourth 1M (see Appendix 8-4). 

16 3.5 Groundwater Treatment Pilot Test Using ZVI Delivered via 
17 Injection 
18 A pilot test to assess the effectiveness of the FeroxSM process for treating hexavalent 

19 chromium in groundwater was also implemented by CH2M-Jones in 2002. This pilot test is 

20 further discussed in Section 9.1 (also, see Appendix I), 
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1 4.0 Summary of Additional Investigations 

2 This section summarizes site activities conducted subsequent to the Zone E RFI Report, 

3 Revision 0 (EnSafe, 1997), and provides the interpretation of analytical data associated with 

4 these activities. 

5 Following the demolition of the Building 44 Annex by the DET, SOUTHOIV decided that an 

6 investigation to determine the extent of contamination in electrical service vault 7 A was 

7 needed. Fourteen surface and subsurface soil samples were collected at SWMU 25 and 

8 analyzed for metals. Results from this sampling effort were included in an IR submitted in 

9 September 1998 to SOUTHDIV by the DET (see Appendix B-2). Subsequent to the post-RFI 

10 sampling at SWMU 25, electrical vault 7 A and the surrounding soils were removed. 

11 Approximately 25 tons of soil and material were removed from SWMU 25 in July 1999. As a 

12 result, some of the supplemental samples may have been removed and would no longer be 

13 representative of site conditions. The information available regarding the removal action is 

14 inadequate to clearly identify sample locations that were removed, as compared to those left 

15 in-place. Therefore, all soils were conservatively assumed to be remaining in-place, and 

16 detected concentrations in soil were screened against COPC screening criteria. Thus the 

17 screening results may represent higher number of exceedence than those actually present at 

18 the site after the third 1M was completed. 

19 Groundwater monitoring wells were also sampled subsequent to the Zone E RFI Report, 

20 Revision O. The Navy /EnSafe team sampled select wells at Combined SWMU 70 up to four 

21 different times, after the RFI was finalized. Additionally, CH2M-Jones collected one round 

22 of post-RFI samples from select wells at Combined SWMU 70. 

23 4.1 Surface Soil Results 
24 The results of the post-RFI surface soil samples collected at SWMU 25 are presented in 

25 Appendix C-l. During the additional sampling event at SWMU 25, metals were targeted for 

26 analysis. The locations of all RFI and additional samples are presented in Figure 4-1. The 

27 additional samples were collected from the SWMU 25 area and are designated as E025SBOI5 

28 through E025SB027. Samples that exceeded the COPC screening parameters (i.e., Zone E 

29 background range of concentrations, RBCs, or SSLs) are in bold text and outlined within the 

30 table. The screening criteria used to evaluate analytical results are those approved by the 

31 CNC BCT (see Project Team Notebook and Instructions, Revision lA, CH2M-Jones, 2001b). 
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This screenmg of the surface soil samples that were taken subsequent to the Zone E RFI 

Report, Revisitm 0 showed that the following constituents exceeded one or more of the 

applicable screening criteria: 

• Antimony 

• Cadmium 

• Chromium (hexavalent) 

• Chromium (total) 

• Lead 

• Nickel 

• Silver 

The analytical reports for these additional surface soil sampling results are presented in 

Appendix D-1. Data validation reports for these samples are presented in Appendix E. 

14 4.2 Subsurface Soil Results 
15 Appendix C-2 summarizes the detection results from post-RFI sample collection of 

16 subsurface soil at Combined SWMU 70. No subsurface soil COPCs were identified in the 

17 original RFI report. Samples collected at SWMU 25 subsequent to the RFI report were 

18 analyzed for metals. The locations of all RFI and post-RFI samples are presented in Figure 4-

19 1. The post-RFI samples that exceeded applicable screenmg criteria (i,e., background range 

20 and SSL) are in bold text and outlined in the table. 

21 This screenmg identified the following chemicals as COPCs for post-RFI subsurface soil: 

22 • Antimony 

23 • Cadmium 

24 • Chromium (hexavalent) 

25 • Chromium (total) 

26 • Lead 

27 • Nickel 

28 • Thallium 
29 
30 The analytical reports for the post-RFI subsurface soil sampling results are presented in 

31 Appendix D-2. Data validation reports for these samples are presented in Appendix E. 
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4.3 Groundwater Results 

RR REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAl COMPlEX 

REVISION 0 
SEPTEMBER 2002 

Groundwater samples were collected from nine shallow monitoring wells and one deep 

well associated with Combined SWMU 70 following the completion of the RFI report. The 

locations of these wells are presented in Figure 4-2. The first quarter sampling results were 

included in the original RFI report. Approximately three more quarterly sampling events 

were performed. Results from the subsequent sampling events were screened against 

applicable criteria (i.e., background range of concentrations, maximum contaminant levels 

(MCLs), or RBCs, if appropriate). The results of the screening are presented in Appendices 

C-3 and C-4, for shallow and deep groundwater, respectively. 

The shallow and deep groundwater were screened against respective background levels 

(shallow and deep); The health-based RBCs are the same for both aquifer zones (see 

Appendices C-3 and C-4). The chemicals identified as exceeding criteria and background are 

provided as one combined list below. The following COPCs were identified in the post-RFI 

groundwater samples: 

• Antimony 

• Cadmium 

• Chromium (hexavalent) 

• Chromium (total) 

• Nickel 

• PCE 

• TCE 

• Vinyl chloride 

The analytical reports for the post-RFI groundwater sampling results are presented in 

Appendix 0-3. The data validation reports for these samples are presented in Appendix E. 
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1 5.0 COPC/COC Refinement 

2 In order to determine if detected chemicals in site media of Combined SWMU 70 present 

3 unacceptable risks to human (baseline conditions), a human health risk assessment was 

4 completed. The human health direct exposure based risk assessment was followed with 

5 assessment of leachability using a process whereby detected site constituents were screened 

6 for their potential impact to groundwater. The COPCs that were thusly identified were 

7 further refined, resulting in the final identification of COCs for Combined SWMU 70, These 

8 processes and their results are described in detail in the following subsections. 

9 5.1 Human Health Risk Assessment 

10 5.1.1 Selection of COPCs 
11 All sample results (including RFI data) for surface soil (0 to 1 ft below land surface [ft bls]), 

12 subsurface soil (3 to 5 ft bls), and groundwater from Combined SWMU 70 were screened for 

13 COPCs to provide a health-based evaluation for all media at this site. The surface and 

14 subsurface soil samples were screened separately during the COPC identification step. 

15 Surface soil was evaluated for exposures to most of the receptors identified below in the 

16 exposure assessment section. The exposures to subsurface soils were evaluated only for 

17 utility worker scenario, as discussed below. The maximum detected concentrations in soils 

18 were screened against EPA Region ill RBC values and Zone E background values. 1£ a 

19 chemical exceeded the range of background concentrations and the RBC value (HI=O.I), it 

20 was selected as a COPe. The groundwater sample results were screened against zone 

21 background levels and MCLs. If no MCL was available, the EPA Region ill tap water RBC 

22 (HI=0.1) value was used. The chemicals in groundwater exceeding the range of background 

23 concentrations and the appropriate health-based criteria (MCL or RBC) were selected as 

24 COPCs. The results of this COPC screening process are presented in Appendix F-1 (for 

25 surface soil), F-2 (for subsurface soil), and F-3 (for groundwater); the selected copes are 

26 presented in Table 5-1. 

27 The polycyclic aromatic hydrocarbons (P AHs) were evaluated by calculating BEQs, and 

28 comparing against CNC based-wide background levels of 1,304 micrograms per kilogram 

29 (JLg/kg) for surface soil, and 1,400 ltg/kg for subsurface soil. Benzo[a)pyrene was detected 

30 in surface soil at a maximum concentration of 3.1 mg/kg, which exceeds the residential RBC 

31 of 0.087 mg/kg and BRC of 1.3 mg/kg. Following EPA Region IV Human Health Risk 
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Assessment Bulletins-Supplemental Guidance to RAGS (EPA, 2000), toxicity assessment for 

cP AHS follow the toxicity equivalent (TEF) methodology. Thus, risk-based screening for 

cP AHS is based on the BEQs calculated for each sample. The risk-based discussion for BEQs 

is presented in Section 5.1.4. 

Selected soil and groundwater samples were analyzed for total chromium (chromium ill 

and chromium VI) and hexavalent chromium. The RBC value for hexavalent chromium was 

used as a conservative surrogate value for total chromium. Both forms of chromium 

exceeded screening criteria in soils and groundwater. In order to provide a conservative risk 

analysis that would avoid" duplicating" exposure to chromium by including total and 

hexavalent results, only hexavalent chromium was included in the quantitative risk 

analysis. Hexavalent chromium is considered the more toxic valence state for this chemical 

and this was seen as a conservative choice for evaluating chromium risk at Combined 

SWMU70. 

Bis-2ethylhexyl-phthalate was detected infrequently (three of 20 samples) in groundwater at 

concentrations from 1 to 24 Jl.g/L. Bis-2ethylhexyl-phthalate was not detected above 

screening criteria in soils. This chemical is a common laboratory contaminant and there is no 

site-related history to suspect a release at this site. As a result, this chemical is not 

considered a COPC for groundwater at Combined SWMU 70. 

The chemicals that are considered essential nutrients, present at low concentrations (i.e., 

slightly elevated above background levels), and toxic only at extremely high doses were 

eliminated from the quantitative risk analysis. These constituents were calcium, magnesium, 

potassium, and sodium. 

5.1.2 Exposure Assessment 
There are currently no complete exposure pathways for receptors at Combined SWMU 70. 

The area is covered by asphalt and concrete, which minimizes or prevents contact with any 

contaminated soils. In addition, site groundwater is not used as a potable water source. 

Potential exposure was evaluated for a hypothetical future industrial worker, hypothetical 

future utility worker, and hypothetical future residential adult and child. 

Industrial workers and residents were assumed to have contact with surface soils and 

groundwater. Utility workers were assumed to have contact with soils (surface and 

subsurface) only and would not utilize site groundwater as a potable source. 
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Routes of exposure for soils include ingestion, dermal contact, and inhalation of soil 

particulates and vapors. Contact with groundwater was assumed to occur via ingestion, 

dermal contact, and inhalation of VOCs. Dermal contact with groundwater would be 

expected to occur during showering for residents and hand/ face washing for industrial 

receptors. Exposure receptors and routes are identified in Table 5-2. As per EPA Region IV 

practice, inhalation exposure to VOCs in groundwater was considered to be equivalent to 

ingestion intake. Default exposure assumptions common to EPA Region IV practice for 

these scenarios were used and are provided in Appendices F-4 and F-5. 

Exposure point concentrations (EPCs) were the 95-percent upper confidence limit [VCL.,5] 

on the mean for all media (unless the VCL 95 exceeded the maximum concentration, in which 

case the EPC would default to the maximum detected concentration). The appropriate 

VCL.,5 estimate, based on the sample population distribution, was taken as the EPC. For a 

utility worker, soil surface soil samples combined with subsurface soil samples of up to 5 ft 

bls were used for EPC estimation. Data summaries and EPC estimates for COPCs are 

provided in Appendix F-6. 

5.1.3 Toxicity Assessment 
Toxicity factors were obtained from the Integrated Risk Information System (IRIS) website 

or Health Effects Assessment Summary Tables (HEAST, 1997), as appropriate. The toxicity 

factors, weight-of-evidence classification, and oral-to-dermal adjustment factors are 

provided in Appendix F-7. As there are no available toxicity factors for total chromium, the 

toxicity factors for hexavalent chromium were taken as surrogate values. BEQs were 

calculated for cP AHs in accordance with EPA Region IV policy for this assessment. 

benzol a ]pyrene toxicity factors were used as surrogate toxicity factors for BEQs. 

5.1.4 Risk Characterization 
For the purposes of site management decision-making at contaminated sites, EPA uses an 

acceptable risk range of 10E-4 to 10E-6 (one chance in 10,000 to one chance in 1,000,000 of 

developing cancer for carcinogenic chemicals). Typically, results falling within or below this 

range are considered a reasonable basis for NFA at the site, depending on the degree of 

conservatism and uncertainty. Likewise, a total HI of 1.0 or less is considered evidence of 

minimal potential for noncarcinogenic health effects. The risks and hazards are summarized 

in Tables 5-3 and 5-4, and specific risk summaries are provided in Appendices G-1 through 

G-4. 

Hypothetical Future Industrial Worker Exposure Scenario 
The Excess Lifetime Cancer Risk (ELCR) for a hypothetical industrial worker is 2.2E-5, from 

soil and groundwater exposures at the Combined SWMU 70 site. This is within the 
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acceptable risk range of 1 to 100 in a million for carcinogenic effects. The total HI is 34.5, 

which exceeds the acceptable limit for noncarcinogenic effects. Carcinogenic risk drivers 

include BEQs in surface soil and PCE, TCE, and vinyl chloride in groundwater. 

Noncarcinogenic risk drivers in groundwater include hexavalent chromium and thallium. 

The HI for surface soils did not exceed unity. Risk drivers are those chemicals contributing 

to an ELCR greater than lE-6 or a HI greater than 1.0. The detailed quantitative risk 

characterization is presented in Appendices G-la, G-lb, G-1c, and G-ld. 

Hypothetical Future Utility Worker Exposure Scenario 
For a future hypothetical utility worker exposed to soils, the ELCR is 4.4E-7 and the HI is 

2.5. Iron contributed to a HI greater than 1.0 from exposure to soils. See Appendices G-2a 

and G-2b for the detailed risk characterization results for this receptor. 

Hypothetical Future Adult Residential Exposure Scenario 
The total ELCR for a future hypothetical residential adult is 9.6E-5, which is approaching the 

upper-limit of the acceptable risk range, though it is below 10-4 level. The total HI for a 

residential adult is 96.3, which is above the acceptable HI of 1.0. Carcinogenic risk drivers 

include BEQs in surface soil and PCE, TCE, and vinyl chloride in groundwater. The 

noncarcinogenic risk drivers in groundwater include hexavalent chromium, antimony, and 

thallium. There are no risk drivers for surface soils, as the HI did not exceed 1.0. Appendices 

G-3a, G-3b, G-3c, and G-3d include detailed risk characterization results for this receptor. 

Hypothetical Future Child Residential Exposure Scenario 
The HI for a future hypothetical residential child is 227.4. Risk drivers include cadmium, 

hexavalent chromium, antimony, and thallium in groundwater. Hexavalent chromium 

contributed a HI greater than 1.0 for exposure to surface soils. Appendices G-4a and G-4b 

include detailed risk characterization results for this receptor. 

5.1.5 Summary 
Currently, there are no complete exposure pathways for soils or groundwater at the 

Combined SWMU 70 site. Groundwater is not currently used as a potable water source and 

the contact with soils is limited due to the presence of asphalt and concrete covering the 

entire exposure unit. 

For hypothetical potential future receptors, the primary sources for adverse effects from 

exposure to media at Combined SWMU 70 would be associated with exposure to metals in 

groundwater. Chromium and thallium are the primary contributors to noncarcinogenic 
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1 health hazards, with a lesser contribution from antimony and cadmium. Carcinogenic risk 

2 associated with chemicals in groundwater is within the acceptable limits for all receptors. 

3 In soils, there is some elevated noncarcinogenic health hazard associated with a child's 

4 exposure to chromium in surface soils. A utility worker exposed to the soil column had a 

5 slightly elevated noncarcinogenic health hazard due primarily to iron. 

6 The human health direct exposure based risk assessment evaluated all RFI data. The 

7 constituents below were identified as COCs in the RFI report but are not final COCs, 

8 following the direct exposure-based risk assessment: 

Surface Soil COCs Subsurface Soil COCs 

Lead None 

9 

Groundwater COCs 

Aluminum 

Chloroform 

Chlordane (alpha and 
gamma) 

Chlorobenzene 

1,2-DCE 

Benzene 

10 The above were identified as COCs in the Zone E RFI Report, Revision 0 due to a fixed-point 

11 based risk assessment; they are not COCs based on the direct exposure-based risk 

12 assessment. 

13 5.2 Evaluation of Soil-to-Groundwater Pathway 

14 5.2.1 Soil-ta-Groundwater Screening for VOCs 
15 The results for soil samples were compared in the Zone E RFI Report, Revision 0 to the 

16 applicable screening criteria (EPA OSWER SSLs or background values) to assess the 

17 leachability potential of chemicals detected in soils by comparing against SSLs, with a 

18 DAF=10. Parameters exceeding the SSLs (soil-to-groundwater leachability criteria) were 

19 further evaluated in a soil-to-groundwater-to-surface water transport screening (Tier II 

20 evaluation). This evaluation used adjusted SSLs based on a site-specific DAF protective of 

21 surface water in the Cooper River. A chemical was considered a COC based on its potential 

22 for leachability only if its concentration exceeded the adjusted Tier II SSL. 

23 In the original RFI, no constituents were identified as leachability-based COCs following the 

24 second tier screening process. As agreed to by the CNC BCT, VOCs that were detected in 

25 the original RFI data set were evaluated against the generic SSL based on a DAF= 1. VOCs 
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1 exceeding the 55L at a OAF=1 are considered COPCs and will be further considered in the 

2 refinement process. VOCs detected in the original RFI soil samples were screened against 

3 the appropriate 55Ls. The results are presented in Table 5-5. 

4 Methylene chloride, PCE, and TCE were present in soils at concentrations exceeding the 55L 

5 based on a OAF=l. Methylene chloride, PCE, and TCE were considered to be COPCs for 

6 subsurface soil and are evaluated as part of the COPC/COC refinement process. 

7 5.2.2 Surface Soil Results 
8 Oata that exceeded the default 55L screening values in Sections 4.0 and 5.2.1 represent 

9 samples that would exceed the 55L based on an unrestricted land-use scenario. Although 

10 the Combined 5WMU 70 is entirely paved, and future plans for the area will require land-

11 use controls with pavement at areas that exceed the unrestricted land-use 55Ls, the 

12 unrestricted land-use leachability evaluation is addressed in this section for completeness. 

13 All data that exceeded the default 5SL screening values in Sections 4.0 and 5.2.1 were 

14 screened against a site-specific SSL using a OAF based on the presence of pavement over 

15 contaminated soils scenario. The OAF using the paved scenario is 17 and the SSL values 

16 calculated using DAF of 17 are included in Table 5-5 (the basis of the site-specific S5L is 

17 presented in Appendix H). Using a leachability-based screening value calculated using an 

18 assumption that contaminated soils are under impervious pavement is appropriate because 

19 the current and future anticipated land use for the Combined 5WMU 70 site is likely to 

20 remain under current paved condition. 

21 The results of this screening effort are represented in Table 5-6. The following constituents 

22 exceeded the 55L in one or more samples: 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

• Antimony 

• Cadmium 

• Chromium (total) 

• Chromium (hexavalent) 

• Lead 

• Methylene Chloride 

• Nickel 

• TCE 

• Silver (unrestricted land use only) 

• PCE (unrestricted land use only) 
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The constituents that failed the screening in one or more samples are further discussed in 

the following sections. The discussion below focuses on exceedances of the paved-based 

scenario, as this is the most relevant future use for the Combined SWMU 70. Those samples 

that exceeded the unrestricted land use screening levels are noted in Table 5-6. 

Antimony 
The paved-based SSL is within the background range for Zone E grid samples. Therefore, 

the refined screening against the paved-based SSL did not change the results of the overall 

screening conducted. A total of five of 14 surface soil samples exceeded the background 

range of 0.50 to 7.4 mg/kg. All the exceedances were reported as occurring in SWMU 25. 

The average concentration of antimony in surface soil was 11.8 mg/kg; this value exceeds 

the upper-range background value of 7.4 mg/kg. 

Cadmium 
Ten surface soil samples exceeded the default SSL of 4.0 mg/kg. Using the site-specific SSL 

of 6.8 mg/kg, six samples exceeded the paved-based SSL. All the exceedances were reported 

as occurring at SWMU 25. The average concentration of cadmium in surface soil is 27.4 

mg/kg; this value exceeds the paved SSL value of 6.8 mg/kg. 

Benzo[a)pyrene 
The maximum detected concentrations ofbenzo[a)pyrene did not exceed the site-specific 

SSL of 6.8 mg/kg. Benzo[a)pyrene is not considered a leachability COC for surface soils 

based on comparison with leachability criteria. 

BEQs 
No BEQs exceeded the paved-based SSL of 6.8 mg/kg. BEQs are not considered a COC 

based on leachability to groundwater. 

Chromium (Hexavalent) 
Six of 13 surface soil samples exceeded the default SSL of 19.0 mg/kg for hexavalent 

chromium. Using the site-specific SSL of 32.3 mg/kg, the same six samples exceeded the 

site-specific SSL. All the exceedances were associated with SWMU 25. The average 

concentration of hexavalent chromium in surface soil is 211 mg/kg; this value exceeds the 

Site-specific SSL value of 32.3 mg/kg (DAF=I7). 

Chromium (Total) 
Six of 13 surface soil samples exceeded the default SSL of 19.0 mg/kg for chromium. Using 

the Site-specific SSL of 32.3 mg/kg, the same six samples exceeded the paved-based SSL. All 

SWMUlOZERRRAREVO.OOC 
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the exceedances were reported as having occurred at SWMU 25. The average concentration 

of chromium in surface soil is 2,448 mg/kg; this value exceeds the paved-based SSL value of 

32.3 mg/kg. This indicates that detected samples all had hexavalent chromium as well, 

aboveSSLs. 

Lead 
Four of 14 surface soil samples exceeded the default SSL of 400 mg/kg for lead. No sites

specific SSL was calculated for lead. However, the subsurface soil was evaluated for lead to 

determine if the exceedances, as reported in Section 4.0, were in subsurface soil (indicating 

mobility). One surface soil sample exceeded the screening value for leachability. When the 

subsurface soil data were averaged for SWMU 25, the concentration in subsurface soil was 

calculated to be 173 mg/kg. This value is less than the screening value and indicates that the 

subsurface soil lead levels at SWMU 25 do not represent a threat to groundwater. 

Furthermore, none of the groundwater samples collected from Combined SWMU 70 were 

reported with detectable levels of lead (with the highest detection level of 5.2 Ilg/L). Based 

on this information, further consideration of lead as a COC based on leachability to 

groundwater is not warranted. 

Methylene Chloride 
Methylene chloride was detected in 11 of 31 surface soil samples. The only two exceedances 

of the site-specific SSL of 0.017 mg/kg were reported as having occurred in SWMU 25. The 

average concentration of methylene chloride at SWMU 25 is 0.014 mg/kg, which is less than 

the site-specific SSL. When considering SWMU 25 as a whole, the average concentration of 

methylene chloride is not above the site-specific SSL at SWMU 25, its presence is not 

expected to adversely affect water quality. Therefore, further consideration of methylene 

chloride as a COC based on soil leachability is not warranted. 

Nickel 
Two of 14 surface soil samples exceeded the default SSL of 65 mg/kg for nickel. Using the 

site-specific SSL of 111 mg/kg, the same two samples exceeded the paved-based SSL. Both 

exceedances were reported at SWMU 25. The average concentration of nickel in surface soil 

is 50 mg/kg, which is less than the site-specific and default SSL values. The average nickel 

concentration in site surface soils did not exceed the Site-specific SSL at SWMU 25. 

Therefore, further consideration of nickel as a COC based on soil leachability is not 

warranted. 
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Eight of 13 surface soil samples exceeded the default SSL of 0.003 mg/kg for TCE. All the 

exceedances were located at SWMU 25. Using the site-specific SSL of 0.051 mg/kg, only one 

sample exceeded the site-specific SSL. The average concentration of TCE in surface soil is 

0.023 mg/kg, which is less than the site-specific SSL value. When considering SWMU 25 as a 

whole, the exceedance at one sample location of the site-specific SSL at SWMU 25 is not 

expected to adversely affect water quality. Therefore, further consideration of TCE as a COC 

based on soil leachability is not warranted. 

5.2.3 Subsurface Soil Results 
All data that failed the default SSLs presented in Sections 4.0 and 5.2.1 were screened 

against a site-specific SSL using a DAF based on presence of impervious pavement on 

contaminated soils at the site. The site-specific DAF calculated using presence of pavement 

scenario is 17 and the SSLs calculated using DAF=17 are included in Table 5-5 (the 

calculation for this DAF is presented in Appendix H). The SSL value calculated for 

hexavalent chromium was used to compare with total chromium concentrations, as a 

literature based l<J value is not available for total chromium. The entire area surrounding 

Combined SWMU 70 is paved, and is anticipated to be maintained as such in the future. 

The results of this screening effort are represented in Table 5-7. The following constituents 

exceeded the SSL in one or more subsurface soil samples 

• Antimony 

• Cadmium 

• Chromium (hexavalent) 

• Chromium (total) 

• Nickel 

• TCE 

Methylene chloride, PCE, and thallium were the only constituents that exceeded the default 

SSL (unrestricted land use scenario), however, were below the site-specific SSL, thus were 

not identified as COCs. The constituents identified as COPCs due to exceedence of SSL in 

one or more samples are discussed in detail in the following subsections. The discussion 

below focuses on exceedances of the paved-based scenario, as this is the most relevant 

future use for the Combined SWMU 70. Those samples that exceeded the unrestricted land

use screening levels are noted in Table 5-7. 
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A total of eight of 14 subsurface soil samples exceeded the site-specific SSL of 4.25 mg/kg. 

All the exceedances were reported in SWMU 25. The average concentration of antimony in 

SWMU 25 subsurface soil was 17.0 mg/kg; this value exceeds the site-specific SSL value of 

4.25mg/kg. 

Cadmium 
A total of four subsurface soil samples exceeded the default SSL of 4.0 mg/kg. Using the 

site-specific SSL of 6.8 mg/kg, the same four samples exceeded the site-specific SSL. All the 

exceedances were reported at SWMU 25. The average concentration of cadmium in 

subsurface soil is 12.4 mg/kg; this value exceeds the site-specific SSL of 6.8 mg/kg. 

Chromium (Hexavalent) 
Six of 14 subsurface soil samples exceeded the default SSL of 19.0 mg/kg for hexavalent 

chromium. Using the site-specific SSL of 32.3 mg/kg, the same six samples exceeded the 

site-specific SSL. All the exceedances were reported at SWMU 25. The average concentration 

of hexavalent chromium in subsurface soil is 183 mg/kg; this value exceeded the site

specific SSL value of 32.3 mg/kg. 

Chromium (Total) 
Ten of 14 subsurface soil samples exceeded the default SSL of 19.0 mg/kg for hexavalent 

chromium. Using the site-specific SSL of 32.3 mg/kg, the same 10 samples exceeded the site

specific SSL. All the exceedances were reported at SWMU 25. The average concentration of 

chromium in subsurface soil is 1,447 mg/kg; this value exceeds the paved-based SSL value 

of 32.3 mg/kg. 

Nickel 
Three of 14 subsurface soil samples exceeded the default SSL of 65 mg/kg for nickel. Using 

the site-specific SSL of 111 mg/kg, two of these three samples exceeded the paved-based 

SSL. Both exceedances were reported at SWMU 25. The average concentration of nickel in 

subsurface soil is 26 mg/kg, which is less than the site-specific and default SSL values. 

When considering SWMU 25 as a whole, the average nickel levels are below background 

and default SSL levels, thus the two exceedances of the Site-specific SSL at SWMU 25 are not 

expected to adversely affect water quality. Therefore, further consideration of nickel as a 

COC based on soil leachability is not warranted. 
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1 TeE 
2 Five of nine subsurface soil samples exceeded the default 55L of .003 mg/kg for TCE. All the 

3 exceedances were located at SWMU 25. Using the Site-specific SSL of 0.051 mg/kg, only one 

4 sample exceeded the site-specific SSL. The average concentration of TCE in subsurface soil is 

5 0.016 mg/kg and is less than the site-specific 55L value. Based on this infrequent 

6 exceedence, soils at the site may not be a continuing source of groundwater TCE level. 

7 Therefore, further consideration of TCE as a COC based on soil leachability is not 

8 warranted. 

9 5.3 COC Summary 
10 The following subsections present the COCs identified, according to media and receptor. 

11 5.3.1 Surface Soil 
12 BEQs, hexavalent chromium, chromium, cadmium, and antimony are final COCs for surface 

13 soil. Hexavalent chromium and BEQs were the only constituents which represented a direct 

14 exposure concern to human health (i.e., future child receptor). Although the HI for iron was 

15 estimated as 3.0 for the utility worker scenario, this HI could be considered to be within an 

16 acceptable HI level for a utility worker. Hexavalent chromium, chromium, cadmium, and 

17 antimony represent a potential threat to groundwater via leachability when considering the 

18 most-likely future use scenario for the site. PCE and silver would be considered 

19 groundwater leachability COCs, in addition to those referenced above, if the site is used for 

20 unrestricted land use. 

21 Since all the soils are under pavement, there is no direct exposure at the present time. The 

22 chemicals are COCs for a future scenario, if the site is considered for altered land use. Also, 

23 the site is surrounded by asphalt pavement, and adjacent to roadway that is routinely used, 

24 thus detected P AHs could be from these non-site related sources, and plating operations are 

25 not likely responsible for BEQs. 

26 5.3.2 Subsurface Soil 
27 The subsurface soils do not represent a direct exposure concern to human health. 

28 Hexavalent chromium, chromium, cadmium, and antimony are COCs for subsurface soils 

29 because they exceed the SSL, and thus may pose a threat to groundwater. PCE, thallium, 

30 and methylene chloride would be considered groundwater leachability COCs, in addition to 

31 those referenced above, if the site is used for unrestricted land use. 
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1 5.3.3 Groundwater 
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2 Antimony, cadmium, chromium (hexavalent and total), PCE, TCE, and vinyl chloride were 

3 identified as COCs for groundwater following the COPC/COC refinement process, due to 

4 the presence of these chemicals at levels that are either risks to human health or exceedance 

5 of MCLs in groundwater. 

6 5.3.4 eoe Summary Table 
7 The following matrix summarizes COCs by exposure pathway, contaminant, and media, 

Vinyl Hexavalent Total 
Receptor BEQ PCE TCE Chloride Chromium Chromium Cadmium Antimony 

Industrial 55 G G G G 
Worker 

utility Worker 

Residential 55 G G G G G 
Adult 

Residential 55 G G 
Child 

G 

Surface Soil 55 55 55 55 peE, Silver 
Leachabitity (residential 

only) 

Subsurface 56 56 56 56 peE, 
Soil Methylene 
Leachability Chloride, 

Thallium 
(residential 

only) 

Chemical G G G G G G G 
Exceeding 
MeL 

G Groundwater 

S6 Subsurface Soil 

SS Surface Soil 

SWUU1OZERRRAREVO.DOC 5-'2 



TABLE 5-1 

RR REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAl COMPlEX 
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COPCs Selected for Human Health Risk Assessment 
RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Charleston Naval Complex 

Surface Soli (0-1 ft bls) 

Antimony 

Cadmium 

Chromium (Hexavalent) 

Chromium, Total 

Copper 

Nickel 

BEQs 

PCE' 

Silver" 

Soil Column (0-5 ft bls)" 

Antimony 

Cadmium 

Chromium (Hexavalent) 

Chromium, Total 

Copper 

Nickel 

Iron 

Thallium 

BEQs 

Methylene Chloride' 

PCE' 

Thallium' 

Antimony 

Cadmium 

Groundwater 

Chromium (Hexavalent) 

Chromium, Total 

Nickel 

Thallium 

Naphthalene 

PCE 

TCE 

Vinyl chloride 

a Represents screening of combined surface and subsurface soils down to a depth of 5 feet below land surface 
(It bls). 

, Exceeds unrestricted land use scenario only. 
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TABLE 5-2 
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REVISION 0 
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Receptors, Media, and Pathways Evaluated in the Risk Analysis for Combined SWMU 70 
RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Charleston Naval Complex 

Receptor Media 

Industrial Worker Surface Soil 

Groundwater 

Utility Worker Soil Column (0-5 It bls) 

Residential Adult and Child Surface Soil 

Groundwater 

SWMU7OZERARAREVO.OOC 

Exposure Routes 

Ingestion, dermal, inhalation 
(particulates and vapors) 

Ingestion, dermal, inhalation 
(vapors) 

Ingestion, dermal, inhalation 
(particulates and vapors) 

Ingestion, dermal, inhalation 
(particulates and vapors) 

Ingestion, dermal, inhalation 
(vapors) 
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TABLE 5-3 
Risk Summary lor Receptors Evaluated at Combined SWMU 70 

RFI REPORT ADDENDUM & CMS WORK PLAN, CCMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEPTEMBER 2002 

RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Charleston Naval Complex 

Receptor 

Future Industrial 
Worker 

Media 

Surface Soil 

Groundwater 

Total 

Future Utility Worker Soil Column 

Total 

Future Residential 
Adult 

Future Residential 
Child 

Surface Soil 

Groundwater 

Total 

Surface Soil 

Groundwater 

Total 

CR&-hexavalent chromium 
CD--<:admium 
SB-antimony 

Total ELCR 

l.4E-S 

2.0E-5 

2.2E-5 

4.4E-7 

4.4E-7 

1.0E-5 

8.6E·5 

9.SE-5 

NA 

NA 

NA 

Risk Driver 

BEQs 

TCE, PCE, VC 

BEQs 

TCE, PCE, VC 

Total HI 

0.09 

34.4 

34.5 

2.5 

2.5 

0.25 

9S.2 

96,5 

2.4 

224.9 

227.3 

Tl'-thallium - was sporadically detected in groundwater and is not a COC, see Sec. 6.1 
FE-'-iron 
BEQs- benzo[a]pyrene equivalents 
TCE-trichloroethene 
PCE-tetrachloroethene 
VC-vinyl chloride 
NA-not applicable 
ElCR-excess Inetime cancer risk 
HI-hazard index 

SWMU7OZERARAREVO.OOC 

Hazard Driver 

CRS, Tl' 

FE 

CRS, SB, Tl' 

CR6 

CR6,CD, SB, 
Tl' 
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TABLE 5-5 
VOC Detections in Surface and Subsurface Soil 

RA REPORT ADDENDUM & CMS WORK PLAN. COMBINED SWMU 70. lONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
SEPTEMBER 2002 

RFI Report Addendum & CMS Work Plan. Combined SWMU 70. Charleston Naval Complex 

Analyte 

Acetone 

Bromodichloromethane 

Chloroform 

Methylene Chloride 

PCE 

Toluene 

TCE 

SWMU7OZERARAREVO.OOC 

Sample 
Location 

E0258B002 

E5548B002 

E5548B002 

E0258B010 

E0258B006 

E0258B007 

E0258B008 

E0258B009 

E0258B011 

E5488B003 

E5488B004 

E5498B005 

E5498B004 

E5488BOO2 

E0228BOO2 

E0258B009 

E0258B008 

E0258BOO6 

E0228BOOI 

E0258B010 

E549SB002 

E549SB003 

E549SB007 

E5498BOOI 

E025SBOIO 

E0258BOl2 

E025SBOl1 

Sample 10 

Surface Soil 

0258B00201 

5548B00201 

5548B00201 

0258B0100l 

0258B00601 

0258B00701 

0258B00801 

0258B00901 

0258BOll01 

5488B00301 

5488B00401 

5498B00501 

5498BOO401 

5488B00201 

0228BOO201 

0258BOO901 

0258B00801 

0258B00601 

0228BOO101 

025SBOlOOl 

549SB00201 

549SBOO301 

549SBOO701 

5498BOOIOI 

025SBOlooI 

025SBOI201 

025SB0l101 

Concentration 
(mg/kg) 

0.088 

0.003 

0.009 

0.003 

0.043 

0.039 

0.002 

0.005 

0.005 

0.01 

om 
0.014 

0.01 

0.011 

0.016 

0.003 

0.003 

0.001 

0.004 

0.002 

0.001 

0.003 

0.002 

0.001 

0.042 

0.01 

0.011 

Qualifier 

= 

J 

= 

J 

= 

= 
J 

= 
J 

= 

= 

= 
= 

= 

= 
J 

J 

J 

J 

J 

J 

J 

J 

J 

= 
= 

= 

SSL 
(OAF = 1) 

0.8 

0.03 

0.03 

0.001 

0.003 

0.6 

0.003 

5-'8 



TABlE 5-5 

RA REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 0 
SEPTEMBER 2002 

VOC Detections in Surface and Subsurface Soil 
RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Charleston Naval Complex 

Analyte 

TCE 

Xylenes, Total 

Acetone 

Carbon Disunide 

Methyl ethyl ketone 

Methylene Chloride 

PCE 

SWMU70ZERARAREVO.OOC 

Sample 
Location 

E0258B008 

E0258B007 

E0258B005 

E0258B013 

E0258B006 

E0258B009 

E0228B002 

E5498BOOI 

E5498B003 

E5498B007 

E5498B009 

E0258BOll 

E0228B002 

E5488BOO4 

E5498B006 

E0228B002 

E0258BOll 

Sample 10 

0258B00801 

0258B00701 

0258B00501 

0258B01301 

0258B00601 

0258B00901 

0228B00201 

5498B0010l 

5498B00301 

5498B00701 

5498B00901 

Subsurface 80il 

0258B01102 

0228B00202 

5488B00402 

5498B00602 

0228B00202 

0258BOll02 

E5498B004 5498B00402a 

E0258B008 0258BOOS02 

E5488B002 5488B00202 

E5488B003 5488B00302 

E5488BOO4 5488B00402 

E0258B005 0258BOO502 

E0258B009 0258B00902 

E0228B002 

E0258BOll 

E0258B008 

0228B00202 

0258B01102 

0258B00802 

Concentration 
(mg/kg) 

0.01 

0.009 

0.01 

0.008 

0.097 

0.042 

0.002 

0.001 

0.004 

0.003 

0.001 

0.016 

0.095 

0.014 

0.002 

0.003 

0.01 

0.014 

0.002 

0.012 

0.009 

0.011 

0.004 

0.002 

0.045 

0.004 

0.001 

Qualifier 

= 

= 

J 

= 

= 

= 

J 

J 

J 

J 

J 

= 

= 

= 

J 

J 

= 

= 

J 

= 

= 
= 

J 

J 

= 

J 

J 

SSL 
(OAF = 1) 

0.003 

9 

9 

9 

9 

0.8 

2 

0.001 

0.003 
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TABLE!>S 
vee Detections in Surface and Subsurface Soil 

RFI REPORT ADDEN~UM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVALCOMPlEJ( 

REVISION 0 
SEPTEMBER 2002 

RFI Report Addendum & CMS Worle Plan, Combined SWMU 70, Charleston Naval Complex 

Sample Concentration SSL 
Analyte Location SamplelD (mg/kg) Qualifier (DAF = 1) 

PCE E0258B009 0258B00902 0.002 J 0.003 

Toluene E5498B006 5498800602 0.002 J 0.6 

TCE E0258B008 0258B00802 0.005 = 0.003 

E0258B005 0258B00502 0.004 J 

E0258B010 0258B01002 0.01 = 

E0258BOll 0258BOll02 0.1 = 

E0258B006 0258B00602 0.003 J 

E0228B002 0228B00202 0.001 J 

E025SB013 025SB01302 0.001 J 

E0258B009 025SB00902 0.008 = 
Vinyl acetate E0708B002 070SB00202 0.005 J 8 

Xylenes, Total E549SB008 5498B00802 0.002 J 9 

E5498B010 549SB01002 0.002 J 9 

E5498B006 549SB00602 0.003 J 9 

E0258B005 0258800502 0.001 J 9 

Concentrations shown in bold text and outlined within the table represent exceedances of the screening criteria. 

All values are presented in units of milligrams per kilogram (mg/kg). 

= Indicates that the chemical is detected at the concentration shown. 

DAF Dilution attenuation factor 

SSL Soil screening level 

J Indicates that the concentration shown is an estimated value. 
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RFI REPORT ADDENDUM & eMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPI£X 

REVISION 0 
SEPTEMBER 2002 

TABLE~ 
Surface Soil Screen, Soil-to-Groundwater Pathway 

,,'''~ 
RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range of 
Concentrations 

Sample Date Concentration SSL' 
Parameter Location SamplelD Collected (mg/kg) Qualifier Min Max (DAF=17) 

Antimony E025SB014 025SB01401 28-Aug-1997 47 = 0.50 7.4 4.25 

E025SB015 025SB01501 28-Aug-1997 19 = 
E025SB016 025SB01601 28-Aug-1997 4.0 = 
E025SB017 025SB01701 28-Aug-1997I 14 = 
E025SB018 025SB01801 28-Aug-1997 1.1 = 
E025SB019 025SB01901 28-Aug-1997 a=J = 
E025SB020 025SB02001 28-Aug-1997 23 = 
E025SB021 025SB02101 28-Aug-1997 2.1 = 
E025SB022 025SB02201 28-Aug-1997I 40 = 
E025SB023 025SB02301 28-Aug-1997 1.7 = 
E025SB024 025SB02401 28-Aug-1997 0.54 J 

E025SB026 025SB02601 28-Aug-1997 0.33 J 

E025SB027 025SB02701 28-Aug-1997 7.3 = 

Bromodichloromelhane E554SBOO2 554SB00201 07 -Sep-1995 0.003 J NA NA 0.51 

Cadmium E025SB013 025SB01301 05-feb-1996 0.14 J 0.06 1.5 6.8 

E025SB014 025SB01401 28-Aug-1997 0.57 = 
E025SB015 025SB01501 28-Aug-1997 0.40 J 

E025SB016 025SB01601 28-Au9-1997 6.4 

E025SB017 025SB01701 28-Au9-1997I 6.9 = 
E025SB018 025SB01801 28-Aug-1997 4.1 = 
E025SB019 025SB01901 28-Aug-1997 0.57 = 
E025SB020 025SB02001 28-Aug-1997 I 73 = 
E025SB021 025SB02101 28-Aug-1997 0.41 J 

E025SB022 025SB02201 28-Aug-1997 6.8 = 
E025SB023 025SB02301 28-Aug-1997 I 243 = 
E025SB024 025SB02401 28-Aug-1997 1.7 = 
E025SB025 025SB02501 28-Aug-1997 I 8.0 = 
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RR REPORT AOOENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAV!IJ.. COMPLEX 

REVISION 0 
SEPTEMBER 2002 

TASLE5-6 
Surface Soil Screen, Soil-Io-Groundwater Pathway 

."~",,, RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range of 
Concentrations 

Sample Date Concentration SSL" 
Parameter Location Sample 10 Collected (mg/kg) Qualifier Min Max (OAF=17) 

Cadmium E0258B026 0258B02601 28-Aug-1997 15 = 0.06 1.5 6.8 

E0258B027 0258B02701 28-Aug-1997 17 = 

Chloroform E5548B002 5548B00201 07 -8ep-1995 0.0090 = NA NA 0.51 

Chromium (Hexavalent) E0258B015 0258B01501 28-Aug-1997 411 = NA NA 32.3 

E0258B016 0258B01601 28-Aug-1997 46 = 
E0258B017 0258B01701 28-Aug-1997 463 = 
E0258B018 0258B01801 28-Aug-1997 0.88 = 
E0258B019 0258B01901 28-Aug-1997 rn = 
E0258B020 0258B02001 28-Aug-1997 906 = 
E0258B021 0258B02101 28-Aug-1997 1.6 = 
E0258B022 0258B02201 28-AU9-1997! 708 = 
E0258B023 0258B02301 28-Aug-1997 0.12 J 

E0258B026 0258B02601 28-Aug-1997 0.043 J 

E0258B027 0258B02701 28-Aug-1997 0.22 = 

Chromium, Total E0258BOOl 0258B0010l 07-Oct-1993 10 = 2.3 567 32.3 

E0258B002 0258B00201 07 -Oct-1993 31 = 
E0258B003 0258B00301 01-Nov-1993 6.9 J 

E0258B013 0258B01301 05-Feb-1996 10.3 = 
E0258B014 0258B01401 28-Aug-1997 6,880 = 
E0258B015 0258B01501 28-Aug-1997 1,620 = 
E0258B016 0258BOl601 28-Aug-1997 452 = 
E0258B017 0258B01701 28-Aug-1997 ! 2,010 = 
E0258B018 0258B01801 28-Aug-1997 93 = 
E0258B019 0258B01901 28-Aug-1997 ~ = 
E0258B020 0258B02001 28-Aug-1997 2,420 = 
E0258B021 0258B02101 28-Aug-1997 274 = 
E0258B022 0258B02201 28-AU9-1997! 5,530 = 
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RR REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARlESTON NAVAL COMPlEX 

REVISION 0 
SEPTEMBER 2002 

TABLEs-6 
Surface Soil Screen, Soi~to-Groundwater Pathway 

'M", RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range of 
Concentrations 

Sample Date Concentration SSL8 

Parameter Location SamplelD Collected (mg/kg) Qualifier Min Max (DAF=17) 

Chromium, Total E025SB023 025SB02301 28-Aug-1997 137 = 2.3 567 32.3 

E025SB024 025SB02401 28-Aug-1997 38 = 
E025SB025 025SB02501 28-Aug-1997 35 = 
E025SB026 025SB02601 28-Aug-1997 18 = 
E025SB027 025SB02701 28-Aug-1997 64 = 

Lead E025SB001 025SB00101 07 -Oct-1993 7.9 J 1.0 400 400 

E025SB002 025SB00201 07 -Oct-1993 15 J 

E025SB003 025SB00301 01-Nov-1993 16 = 
E025SB013 025SB01301 05-Feb-1996 15.7 = 
E025SB014 025SB01401 28-Aug-1997 252 = 
E025SB015 025SB01501 28-Aug-1997 I 550 = 
E025SB016 025SB01601 28-Aug-1997 95 = 
E025SB017 025SB01701 28-Aug-1997 77 = 
E025SB018 025SB01801 28-Aug-1997 83 = 
E025SB019 025SB01901 28-Aug-1997 65 = 
E025SB020 025SB02001 28-Aug-1997 I 4,890 = 

E025SB021 025SB02101 28-Aug-1997 30 = 
E025SB022 025S802201 28-Aug-1997 E:E = 
E025SB023 025SB02301 28-Aug-1997 917 = 

E025SB024 025SB02401 28-Aug-1997 113 = 
E025SB025 025SB02501 28-Aug-1997 105 = 
E025SB026 025SB02601 28-Aug-1997 125 = 

E025SB027 025SB02701 28-Aug-1997 264 = 

Methylene Chloride E025SB006 025SB00601 02-Feb-1996 ~ = NA NA 0.02 

E025SB007 025SB00701 02-Feb-1996 0.039 = 
E025SB008 025SB00801 02-Feb-1996 0.002 J 

E025SB009 025SB00901 02-Feb-1996 0.005 = 
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RFI REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 0 
SEPTEMBER 2002 

TABLE 5-6 
Surface Soil Screen, Soil-to-Grounctwater Pathway 

-~ 
RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range of 
Concentrations 

Sample Date Concentration SSL" 
Parameter Location Sample 10 Collected (mg/kg) Qualifier Min Max (OAF=17) 

Methylene Chloride E02588010 0258801001 05-Feb-1996 0.003 J NA NA 0.02 

E02588011 0258801101 28-Feb-1996 0.005 J 

E54888002 5488800201 05-8ep-1995 0.011 = 

E54888003 5488800301 05-8ep-1995 0.01 = 

E54888004 5488800401 05-8ep-1995 0.01 = 

E54988004 5498800401 05-8ep-1995 0.01 = 

E54988005 5498800501 05-8ep-1995 0.014 = 

Nickel E02588013 0258801301 05-Feb-1996 4 J 0.60 72 110.5 

E02588014 0258801401 28-Aug-1997 32 = 

E02588015 0258801501 28-Aug-1997 2.8 = 

E02588016 0258801601 28-Aug-1997 29 = 

E02588017 0258801701 28-Aug-1997 24 = 
E02588018 0258801801 28-Aug-1997 8.4 = 

E02588019 0258801901 28-Aug-1997 5.5 = 
E02588020 0258802001 28-Aug-1997 I 260 = 
E02588021 0258802101 28-Aug-1997 3.3 = 
E02588022 0258802201 28-Aug-1997 27 = 
E02588023 0258802301 28-Aug-1997I 244 = 

E02588024 0258802401 28-Aug-1997 9.8 = 

E02588025 0258802501 28-Aug-1997 5.0 = 
E02588026 0258802601 28-Aug-1997 19 = 

E02588027 0258802701 28-Aug-1997 34 = 

8ilver E02588014 0258801401 28-Aug-1997 0.39 J 0.75 0.91 28.9 

E02588015 0258801501 28-Aug-1997 2.1 = 
E02588016 0258801601 28-Aug-1997 1.5 = 
E02588017 0258801701 28-Aug-1997 0.47 J 

E02588018 0258801801 28-Aug-1997 2.9 = 
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RA REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 0 
SEPTEMBER 2002 

TABLES-6 
Surface Soil Screen, SoiHo-Groundwater Pathway 

",,,,,,,,< RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range of 
Concentrations 

Sample Date Concentration SSL' 
Parameter Location SamplelD Collected (mglkg) Qualifier Min Max (DAF=17) 

8ilver E0258B019 0258B01901 28-Aug-1997 0.17 J 0.75 0.91 28.9 

E0258B020 0258B02001 28-Aug-1997 24 = 

E025SB021 025SB02101 28-Aug-1997 0.34 J 

E025SB022 0258B02201 28-Aug-1997 1.8 = 

E025SB023 0258B02301 28-Aug-1997 4.4 = 

E0258B024 0258B02401 28-Aug-1997 1.8 = 

E0258B025 0258B02501 28-Aug-1997 3.5 = 

E025SB026 0258B02601 28-Aug-1997 0.91 J 

E0258B027 0258B02701 28-Aug-1997 11 

PCE E0228BOOl 0228B0010l 07 -8ep-1995 0.004 J NA NA 0.05 

E022SB002 0228B00201 07-8ep-1995 0.016 = 

E025SB006 0258B00601 02-Feb-1996 0.001 J 

E025SB008 0258B00801 02-Feb-1996 0.003 J 

E0258B009 0258B00901 02-Feb-1996 0.003 J 

E0258B010 0258B0100l 05-Feb-1996 0.002 J 

Toluene E5498BOOl 5498B0010l 01-8ep-1995 0.001 J NA NA 10.2 

E5498BOO2 5498B00201 31-Aug-1995 0.001 J 

E5498B003 5498B00301 31-Aug-1995 0.003 J 

E5498B007 549SB00701 01-Sep-1995 0.002 J 

TCE E0228B002 0228B00201 07 -8ep-1995 0.002 J NA NA 0.05 

E025SB005 0258B00501 05-Feb-1996 0.01 J 

E025SB006 0258B00601 02-Feb-1996 I 0.097 = 

E025SB007 0258B00701 02-Feb-1996 0.009 = 

E0258B008 0258B00801 02-Feb-1996 0.01 = 

E025SBOO9 0258B00901 02-Feb-1996 0.042 = 

E0258B010 0258B01001 05-Feb-1996 0.042 = 

E0258BOll 0258801101 28-Feb-1996 0.011 = 
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RFI REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVPL COMPlEX 

REVISION 0 
SEf'lEMBER 2002 

TABLEIHI 
Surface Soil Screen, SoiHo-Groundwater Pathway 
RFI Report Mdendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range of 
Concentrations 

Sample Date Concentration SSL8 

Parameter Location Sample 10 Collected (mg/kg) Qualifier Min Max (OAF=17) 

TCE E025SB012 025SB01201 05-Feb-1996 0.007 = NA NA 0.05 

E025SB013 025SB01301 05-Feb-1996 0.008 = 

Xylenes, Total E549SBOOI 549SB0010l 01-Sep-1995 0.001 J NA NA 153 

E549SB003 549SB00301 31-Aug-1995 0.004 J 

E549SB007 549SB00701 01-Sep-1995 0.003 J 

E549SB009 549SB00901 01-Sep-1995 0.001 J 

All values are presented in units of micrograms per liter (pg/l). 

Concentrations that are in bold text and outlined within the table represent exceedances of the screening criteria. 

a Soil screening levels (SSLs) are adjusted by a Dilution Attenutation Factor (DAF)=17 based on paved land use and site
specific data. 

= Indicates that the chemical was detected at the concentration shown. 

J Indicates the concentration shown is an estimated value. 

NA Not applicable/not available 
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RFI REPORT ADDENOUM & CMS WORK PLAN. COMBINED SWMU 70. ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 0 
SEPTEMBeR 2002 

TABLE 5-7 
Subsurface Soil Screen, Soil-ta-Groundwater Pathway 
RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range 
SSLa Sample Date Concentration 

Parameter Location Sample 10 Collected (mg/kg) Qualifier Min Max (DAF=17) 

Acetone E0228B002 0228B00202 07 -8ep-1995 0.095 = NA NA 13.6 

E0258BOll 0258BOll02 28-Feb-1996 0.016 = 
E5488B004 5488B00402 05-8ep-1995 0.014 = 

Antimony E0258B014 0258B01402 28-Aug-1997 28 = 0.52 1.6 4.25 

E0258B015 0258B01502 28-Aug-1997 28 = 
E0258B016 0258B01602 28-Aug-1997 26 = 
E0258B017 0258B01702 28-Aug-1997 121 = 
E0258B018 0258B01802 28-Aug-1997 5.2 = 
E0258B019 0258B01902 28-Aug-1997 2.0 = 
E0258B020 0258B02002 28-Aug-1997I 12 = 
E0258B021 0258802102 28-Aug-1997 2.0 = 
E0258B022 0258802202 28-Aug-1997I 7.0 = 
E0258B024 0258B02402 28-Aug-1997 0.26 J 

E0258B025 0258B02502 28-Aug-1997I 4.6 = 
E0258B026 0258B02602 28-Aug-1997 0.21 J 

E0258B027 0258B02702 28-Aug-1997 2.4 = 

Cadmium E0258B014 0258B01402 28-Aug-1997 0.093 J 0.13 0.96 6.8 

E0258B016 0258B01602 28-Aug-1997 0.61 = 
E0258B017 0258801702 28-Aug-1997 1.9 = 
E0258B018 0258B01802 28-Aug-1997 1.6 = 
E0258B019 0258B01902 28-Aug-1997 0.056 J 

E0258B020 0258B02oo2 28-Aug-1997I 22 = 
E02588021 0258B02102 28-Aug-1997 1.6 = 
E0258B022 0258B02202 28-Aug-1997 0.62 J 

E0258B023 0258B02302 28-Aug-1997 12 = 

E0258B024 0258B02402 28-Aug-1997 74 = 
E0258B025 0258B02502 28-Aug-1997 55 = 
E0258B026 0258B02602 28-Aug-1997 2.9 = 
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TABLEf>.7 

RR REPORT ADDENDUM & CMS WORK PlAN. COMBINED SWMU 70. ZONE E 
CHARLESTON NAVAl COMPLEX 

REVISION 0 
SEPTEMBER 2002 

Subsurface Soil Screen. Soil-te-Groundwater Pathway 
.~. RFI Repolf Addendum & CMS Worlc Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

Date Concentration 

ZoneE 
Background 

Range 

Parameter 
Sample 

Location SamplelD Collected (mg/kg ) Qualifier Min Max 

Cadmium 

Carbon Disulfide 

Chromium (Hexavalent) 

Chromium, Total 

SWMU7OZERFIRAREVO.OOC 

E0258B027 0258B02702 28-Aug-1997 2.5 = 

E5498B006 5498B00602 31-Aug-1995 0.002 J 

E0258B014 

E0258B015 

E0258B016 

E0258B017 

E025SB018 

E0258B019 

E0258B020 

E0258B021 

E0258B022 

E0258B024 

E0258B027 

E0258B013 

E025S6014 

E0258B015 

E0258B016 

E025SB017 

E0258B018 

E0258B019 

E0258B020 

E02586021 

E02586022 

E025S8023 

E0258B024 

E025SB025 

E025S8026 

270 0258B01402 28-Aug-1997 
1--------1 

0258B01502 28-Aug-1997 1,260 
j------j 

0258B01602 28-Aug-1997 562 
'--------' 

0258B01702 28-Aug-1997 1.3 

0258B01802 

0258B01902 

0258B02002 

28-Aug-1997 5.6 

28-Aug-1997 ~ 
28-Aug-1997 ~ 

= 
= 

= 

= 

= 

= 

0258B02102 28-Aug-1997 0.98 = 

0258B02202 

0258B02402 

0258B02702 

0258B01302 

0258601402 

0258601502 

0258801602 

0258601702 

0258801802 

0258801902 

0258B02oo2 

025SB02102 

0258602202 

0258802302 

0258602402 

0258802502 

28-Aug-1997I 89 = 

28-Aug-1997 0.14 J 

28-Aug-1997 0.11 J 

05-Feb-1996 12.5 

28-Aug-1997 3,880 

28-Aug-1997 4,050 

28-Aug-1997 3,850 

28-Aug-1997 18,600 

28-Aug-1997 752 

28-Aug-1997 296 

28-Aug-1997 1,320 

28-Aug-1997 253 

28-Aug-1997 804 

28-Aug-1997 6.5 

28-Aug-1997 ~ 
28-AU9-1997~ 

= 

= 

= 

= 

= 
= 

= 
= 

= 

= 

= 
= 

= 

0258B02602 28-Aug-1997 13 = 

0.13 0.96 

NA NA 

NA NA 

1.6 75 

SSL" 
(DAF=17) 

6.8 

34.0 

32.3 

32.3 
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RA REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
SEPlEMBER 2002 

TABLE 5-7 
Subsurface Soil Screen, Soil-to-Groundwater Pathway 

<,,~ RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charteston Naval Complex 

ZoneE 
Background 

Sample Date Concentration 
Range 

SSL" 
Parameter Location Sample 10 Collected (mg/kg) Qualifier Min Max (OAF=17) 

Chromium, Total E025SB027 025SB02702 28-Aug-1997 26 = 1.6 75 32.3 

Lead E025SB013 025SB01302 05-Feb-1996 3.1 = 1.8 322 400 

E025SB020 025SB02oo2 28-Aug-1997I 1,910 = 

Methyl ethyl ketone (2- E022SB002 022SB00202 07-Sep-1995 0.003 J 
Butanone) 

Methylene Chloride E025SB005 025SB00502 05-Feb-96 0.004 J 0.017 

E025SB008 025SB00802 02-Feb-96 0.002 J 

E025SB009 025SB00902 02-Feb-96 0.002 J 

E025SBOll 025SBOll02 28-Feb-96 0.01 = 

E548SB002 548SB00202 05-Sep-95 0.012 = 

E548SB003 548SB00302 05-Sep-95 0.009 = 

E548SB004 548SB00402 05-Sep-95 0.011 = 

E549SB004 549SB00402a 05-Sep-95 0.014 = 

Nickel E025SB014 025SB01402 28-Aug-97 3.0 = 0.85 20 110.5 

E025SB015 025SB01502 28-Aug-1997 2.3 = 

E025SB016 025SBOl602 28-Aug-1997 8.3 = 

E025SB017 025SB01702 28-Aug-1997 6.4 = 

E025SB018 025SB01802 28-Aug-1997 11 = 

E025SB019 025SB01902 28-Aug-1997 2.2 = 

E025SB020 025SB02OO2 28-Aug-1997I 121 = 

E025SB021 025SB02102 28-Aug-1997 8.3 = 

E025SB022 025SB02202 28-Aug-1997 1.8 = 

E025SB023 025SB02302 28-Aug-1997 7.4 = 

E025SB024 025SB02402 28-Aug-1997I 114 = 

E025SB025 025SB02502 28-Aug-1997 67 = 

E025S8026 025S802602 28-Aug-1997 11 = 

E025SB027 025SB02702 28-Aug-1997 3.8 = 

peE E022SBOO2 022SB00202 07-Sep-1995 0.045 = NA NA 0.051 

SWMUlOZERARAREVO.OOC 5-29 



RR REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEI'lEMBER 2002 

TABLE 5-7 
Subsurface Soil Screen, Soil-krGroundwaier Pathway 
RFI Report Addendum & CMS Worle Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

ZoneE 
Background 

Range 
SSLa 

Sample Date Concentration 
Parameter Location Sample 10 Collected (mg/kg) Qualifier Min Max (DAF=17) 

PCE E0258B008 0258B00802 02-Feb-1996 0.001 J NA NA 0.051 

E0258B009 0258800902 02-Feb-1996 0.002 J 

E0258BOll 0258BOll02 28-Feb-1996 0.004 J 

Thallium E0258B017 0258B01702 2B-Aug-1997 0.B6 J NA NA 5.95 

TCE E0228B002 0228B00202 07 -8ep-1995 0.001 J NA NA 0.051 

E0258B005 0258800502 05-Feb-1996 0.004 J 

E0258B006 0258800602 02-Feb-1996 0.003 J 

E0258BOOB 0258800802 02-Feb-1996 0.005 = 

E0258B009 0258B00902 02-Feb-1996 0.008 = 

E0258B010 0258B01002 05-Feb-1996 0.01 = 

E0258B011 0258BOll02 28-Feb-1996I 0_1 = 

E0258B013 0258B01302 05-Feb-1996 0.001 J 

Vinyl acetate E0708B002 0708B00202 31-Aug-1995 0.005 J NA NA 136 

Xylenes, Total E0258B005 0258800502 05-Feb-1996 0.001 J NA NA 153 

E5498B006 5498B00602 31-Aug-1995 0.003 J 

E5498B006 5498B00802 31-Aug-1995 0.002 J 

E5498B010 5498B01002 01-Sep-1995 0.002 J 

All values are presented in units of micrograms per liter (ug/L). 

Concentrations that are in bold text and outlined within the table represent exceedances of the screening criteria . 

• Soil screening levels (88Ls) are adjusted by a Dilution Attenutation Factor (DAF)=17 based on paved land use and site-
specifIC data. 

= Indicates that the chemical was detected at the concentration shown. 

J Indicates the concentration shown is an estimated value. 

NA Not applicable/not available 
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1 

2 

6.0 Summary of Information Related to Site 
Closeout Issues 

3 6.1 Presence of Inorganics in Groundwater 
4 For the purpose of site closeout documentation, the inorganics in groundwater issue refers 

5 to the occasional or intermittent detection of several metals (primarily arsenic, thallium, and 

6 antimony) in groundwater at concentrations above the applicable MCL, preceded or 

7 followed by detections of these same metals below the MCL, or below the practical 

8 quantitation limit. 

9 Several metals, mainly chromium, are COCs in groundwater at this site, While antimony 

10 was detected at concentrations suggestive of site-related contributions to groundwater, 

11 arsenic and thallium are not elevated above background levels at this site. 

12 Arsenic was not a COC at Combined SWMU 70. The high levels of antimony in soil at 

13 SWMU 25, and the elevated concentrations of this constituent in groundwater at well 

14 E070GWOID warrant antimony being considered a COe. Thallium, however, was only 

15 intermittently detected, as presented in Table 6-1. The infrequent detections of thallium do 

16 not warrant this constituent being considered a COC in groundwater. 

17 6.2 Potential Linkage to Sanitary Sewers (SWMU 37) 
18 Combined SWMU 70 was used for multiple purposes. No data indicate that this site has 

19 impacted the sanitary sewer system. Further evaluation of this issue for Combined SWMU 

20 70 is not warranted. The sediment samples in the sludge were removed as part of the 1M at 

21 the site, as previously discussed in Sections 3.0 and 4.0. 

22 6.3 Potential Linkage to Storm Sewers (AOe 699) 
23 Potential linkage of a SWMU or AOC to the storm sewer refers to the possibility of a 

24 groundwater plume at the SWMU or AOC migrating into a storm water sewer from within 

25 which it would subsequently migrate to the water bodies around the CNC, or to the 

26 presence of a cross connection between the sanitary sewer and storm sewer, which could 

27 transport pollutants directly to surface waters. 
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1 There is no indication that contaminated groundwater migrated into the storm sewers, 

2 Further evaluation of this issue for Combined SWMU 70 is not warranted. 

3 6.4 Potential Linkage to Railroad Lines (AOC 504) 
4 One railroad line runs near Combined SWMU 70. It is located on the west side of Hobson 

5 avenue and is approximately 80 feet from the Combined SWMU 70 area, at its closest 

6 distance. There are no known linkages between Combined SWMU 70 and the railroad lines. 

7 Further evaluation of this issue is not warranted. 

8 6.5 Potential Migration Pathways to Surface Water Bodies 
9 Surface water was studied separately as part of the Zone J RFI Report, Revision 0 (EnSafe, 

10 2000). The Zone J RFI Report, Revision 0 includes the investigated surface water bodies. The 

11 nearest investigated surface water body to Combined SWMU 70 is the Cooper River, which 

12 is approximately 1,300 feet to the east. 

13 The storm water piping running from SWMU 25 to the Cooper River was cleaned out in 

14 1998. As this action was completed after the source of contamination was removed, further 

15 evaluation of this migration pathway is not warranted. 

16 The site investigations performed during the RFI evaluated the potential release of site soil 

17 and groundwater contamination to offsite surface water bodies. It was concluded that none 

18 of the site COPCs/COCs present a potential concern for their release to offsite surface water 

19 bodies, as discussed in Sections 2.0 and 5,0. 

20 6.6 Potential Contamination in OillWater Separators (OWSs) 
21 The potential contamination of OWSs issue refers to the possible presence of an OWS that 

22 has not yet been investigated at a SWMU or AOC as part of the RCRA or underground 

23 storage tank (UST) process. 

24 Neither the RF A nor the RFI report refers to the presence or possible presence of an OWS at 

25 Combined SWMU 70. Additionally, there is no reference to an OWS at this facility in the 

26 base-wide OWS report prepared by the Navy for Y2000 (Hunt, 2000). Therefore, further 

27 evaluation of this issue at Combined SWMU 70 is not warranted. 
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2 Combined SWMU 70 lies within Zone E. Future use of this site will be for industrial 

3 purposes. As such, Combined SWMU 70, along with other SWMUs and AOCs, will be 

4 subject to LUCs that ensure the site is used in accordance with the intended re-use plan. The 

5 paved areas around this site are expected to remain paved in the future. 
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TABLE 6-1 
Thallium Detections in Groundwater at Combined SWMU 70 
RFI Reporl & CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

Concentration 
Date Collected Station ID SamplelD (pg/L) Qualifications 

04/25/1996 E025GWOOl 025GW0010l 5 U 

07/25/1996 E025GWOOl 025GW00102 2.8 U 

1210211996 E025GWOOl 025GW00103 2.7 U 

02114/1997 E025GWOOl 025GW00104 3.3 J 

04/2511996 E025GWOO2 025GW00201 5 U 

07/26/1996 E025GWOO2 025GW00202 2.7 UJ 

1210211996 E025GWOO2 025GW00203 2.9 U 

02114/1997 E025GWOO2 025GW00204 2.7 U 

04/26/1996 E025GW003 025GW00301 5 U 

07/26/1996 E025GW003 025GW00302 2.7 UJ 

1210211996 E025GW003 025GW00303 6 U 

02113/1997 E025GW003 025GW00304 3.1 J 

04/26/1996 E025GW004 025GW00401 5 U 

07/26/1996 E025GW004 025GW00402 2.7 UJ 

1210211996 E025GWOO4 025GW00403 2.7 U 

02113/1997 E025GWOO4 025GWOO404 4.5 J 

04/25/1996 E070GWOOl 070GWOO10l 5 U 

07129/1996 E070GWOOl 07OGWOO102 3.7 UJ 

1210311996 E070GWOOl 070GWOO103 3.2 J 

0211811997 E070GWOOl 07OGWOO104 5 U 

0412611996 E070GWOO2 070GW00201 5 U 

0712911996 E070GWOO2 070GWOO202 2.7 UJ 

1210311996 E070GWOO2 070GWOO203 2.7 UJ 

0211811997 E070GWOO2 07OGWOO204 5 U 

0412611996 E070GW01D 07OGW01DOl 9.5 J 

07/29/1996 E070GW01D 070GW01D02 10 UJ 

12103/1996 E070GW01D 070GW01D03 10.6 J 

0211811997 E070GW01D 070GW01D04 10.3 U 

01/1911999 E070GW01D 070GW01DF5 3.1 U 

01119/1999 E070GW01D 070GW01DU5 3.1 U 
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Thallium Detections in Groundwater at Combined SWMU 70 
RFI Report & CMS Worlc Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

Concentration 
Date Collected Station 10 Sample 10 (pgIL) Qualillcations 

04/24/1996 E549GWOOl 549GW0010l 5 U 

08/01/1996 E549GWOOl 549GW00102 2.7 U 

11/25/1996 E549GWOOl 549GW00103 2.7 U 

02113/1997 E549GWOOl 549GW00104 3.4 J 

04125/1996 E549GW002 549GWOO201 5 U 

08/0111996 E549GW002 549GWOO202 2.7 U 

11/2511996 E549GW002 549GWOO203 5.1 U 

02113/1997 E549GW002 549GW00204 2.7 U 

04/2411996 E549GW003 549GWOO301 5 U 

07/29/1996 E549GW003 549GW00302 3 UJ 

11/25/1996 E549GW003 549GW00303 2.7 U 

0211411997 E549GW003 549GW00304 4.1 J 

01/19/1999 E549GW003 549GW003U5 3.1 U 

01/19/1999 E549GWOO3 549GW003F5 3.1 U 

J Indicates that the chemical is detected at a concentration below the method detection limit; the 
concentration is estimated. 

U Indicates that the chemical was not detected above the method detection limit. 

UJ Indicates that the chemical was not detected above the method detection limit; the 
concentration is estimated. 
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1 7.0 Remedial Action Objectives and Proposed 
2 Media Cleanup Standards 

3 This section discusses the RAOs of the CMS that is proposed for Combined SWMU 70, and 

4 presents the proposed MCSs for VOCs and metals in grotmdwater and metals in soils. Once 

5 the RAOs and MCSs are established, the candidate remedial technologies and alternatives 

6 can be developed to meet these objectives. 

7 7.1 Remedial Goal Options and Proposed Media Cleanup 
8 Standards 
9 Throughout the process of remediating a hazardous waste site, a risk manager uses a 

10 progression of increasingly acceptable site-specific media levels in considering remedial 

11 alternatives. Remedial goal options (RGOs) and media cleanup standards (MCSs) tmder 

12 RCRA are developed at the end of the risk assessment in the RFIjRI/State programs. 

13 RGOs can be based on a variety of criteria, such as specific ILCRs (e.g., lE-04, 1E-05, or 1E-

14 06), HI levels (e.g., 0.1, 1.0,3.0), or site backgrotmd concentrations. For a particular RGO, 

15 specific MCSs can be determined as target concentration values. Achieving these MCSs is 

16 accepted as demonstrating that RGOs and RAOs have been achieved. Achieving these goals 

17 results in the protection of human health and the environment, while achieving compliance 

18 with applicable state and federal standards. 

19 Preliminary MCSs were selected from EPA Region III RBC tables (EPA, 2000), established 

20 drinking water MCLs, and EPA SSL guidance for COCs. The media of concern to be 

21 addressed in the IM/eMS for Combined SWMU 70 are surface and subsurface soils and 

22 grotmdwater, Because Combined SMWU 70 is located within a highly developed area of the 

23 CNC, and there are no surface water bodies in the immediate vicinity of the site, ecological 

24 exposures were not considered a concern from contamination detected at this site. 

25 As previously indicated, MCSs can be based on target carcinogenic risks levels ranging 

26 between of 10E-06, lOE-05, and 10E-04; target HIs ranging between 0.1, 1, and 3; or 

27 backgrotmd concentrations. These target MCSs are estimated for industrial or residential 

28 (unrestricted) land use. It is also important to specify the assumed land use and exposure 

29 conditions in the RGOs. 
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2 The matrix in Section 5.3 presents a summary of the COCs identified by medium and 

3 exposure pathway. Hexavalent chromium was the only COC identified for soil, based on 

4 the exposure pathway to residential children (for human health protection); no direct 

5 exposure-based human health COCs were identified for subsurface soils. 

6 Table 7-1 presents RCOs and MCSs for the associated target risk levels for hexavalent 

7 chromium. Although unrestricted (i.e., residential) land use is not planned for this site, for 

8 purposes of comparison Table 7-1 presents RCOs for this type of land use. During the CMS, 

9 the feasibility of achieving an MCS of 230 mg/kg for hexavalent chromium in surface soil 

10 will be evaluated. 

11 The statistical averages (e.g., UCL"s) of the residual surface soil concentrations following 

12 implementation of the corrective measures are expected to be within the proposed target 

13 cleanup levels (i.e., MCS), protective of the residential receptors. For EPCs in the residual 

14 risk estimations, these are the UCL"s concentrations of the mean. The Combined SWMU 70 

15 site is approximately one-half acre in size and will be used as the target exposure unit. 

16 Cadmium, chromium, hexavalent chromium, and antimony were COCs based on potential 

17 threats to groundwater via leachability from surface and subsurface soil. All soils identified 

18 with COCs exceeding SSLs that could potentially impact groundwater are located in SWMU 

19 25. A site-specific SSL-based MCS will be developed for these COCs upon additional 

20 sampling for leachable fractions, using the Synthetic Precipitation Leaching Procedure 

21 (SPLP). 

22 The RCO for surface soil is to remove contaminated soils, or cap them, to the extent that the 

23 groundwater would not be impacted by soils that remain in place. The cadmium, 

24 chromium, hexavalent chromium, and antimony MCSs for this RCO will be determined 

25 after the current distribution of these contaminants is better defined, and the SPLP data are 

26 interpreted. 

27 Figures 7-1 and 7-3 present the extent of antimony and cadmium sample results exceeding 

28 the surface and subsurface soil screening criteria, respectively. Figures 7-2 and 7-4 present 

29 the extent of chromium and hexavalent chromium results exceeding surface and subsurface 

30 soil screening criteria, respectively. 

31 7.1.2 MCSs for Groundwater 
32 Antimony, hexavalent chromium, cadmium, PCE, TCE, and vinyl chloride were identified 

33 as COCs in groundwater at Combined SWMU 70. MCLs are the primary MCSs for 
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1 groundwater RGOs. In the absence of a MCL, EPA Region ill tap water RBCs and CNC 

2 background levels were selected as MCSs, with a target cancer risk ranges between 10-6 to 

3 10-4, and HI ranges between 0.1 to 3.0, for residential (potable) use. MCLs are applied to 

4 public water supply wells, which are typically completed in deeper aquifers. Table 7-2 

5 provides a preliminary list of the groundwater MCS values. 

6 Figure 7-5 shows the distribution of chromium, hexavalent chromium, antimony, and 

7 cadmium in groundwater at Combined SWMU 70. Figure 7-6 shows the distribution of PCE, 

8 TCE, and vinyl chloride in groundwater at Combined SWMU 70. In April 2001, vertical 

9 profile samples of groundwater were collected and analyzed for hexavalent chromium and 

10 cadmium. Figures 7-7, 7-8, and 7-9 show the distribution of hexavalent chromium and 

11 cadmium in groundwater, as reported by the vertical profile results. The three figures 

12 represent three different elevation zones in the groundwater (shallow, intermediate, and 

13 deep). The information demonstrated in figures 7-5 through 7-8 is complemented by the 

14 discussion of site hydrogeology, presented below in Section 7.2. The areas of groundwater 

15 with contaminant concentrations greater than the MCS will be addressed in the CMS. 

16 7.2 Site Hydrogeology 
17 The hydrogeology for Zone E was discussed in detail in the Zone E RFI Report, Revision a 
18 (EnSafe, 1997). That discussion is sununarized in this section. 

19 The hydrogeology in Zone E is very complex due to several factors: 

20 • There is variable geologic lithology horizontally and vertically; 

21 • The Cooper River, which lies to its east and serves as a groundwater discharge zone, is 

22 tidally influenced; 

23 • A quay wall of sheet pilings and concrete which lies along the waterfront serves as a 

24 partialhydraulicbarrie~and 

25 • The shallow subsurface has been heavily disturbed by many anthropogenic activities 

26 related to industrial work such as utilities, non-native fill material, support pilings, 

27 railroad lines, and crane rails. 

28 7.2.1 lithology 
29 In the Combined SWMU 70 area, there are two stratigraphic units: the Wando Formation 

30 and the Ashley Formation. Overlying the Wando Formation, are fill materials placed by 

31 anthropogenic activities. Geologic maps and cross-sections through Zone E are presented in 

32 the Zone E RFI Report, Revision O. 
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1 Ashley Formation 
2 The Ashley Formation serves as a regional confining unit for the shallow aquifer and 

3 consists of a clayey, dense, calcareous silt. The top of the Ashley Formation under Zone E is 

4 gently rolling and typically slopes very slightly eastward toward the Cooper River. In the 

5 Combined SWMU 70 area, the top of the formation increases with depth to the north. The 

6 average elevation of the top of the Ashley Formation in Zone E is -24 ft mean sea level (msl). 

7 Figure 7-10 shows the top of the Ashley elevation contours for the Combined SWMU 70 

8 vicinity. Figure 7-11 depicts the same data in a 3-D perspective. 

9 Wando Formation 
10 The Wando Formation, which overlies the Ashley Formation, is composed of repeating 

11 sequences of back barrier clayey sand and clay deposits, barrier island sand deposits, and 

12 near shore shelf-sand deposits corresponding to three depOSitional periods. The thickness of 

13 the formation decreases to the south. In the Combined SMWU 70 area, the sands of the 

14 Wando Formation decrease in areal extent with depth. The clay deposits are typically thin 

15 and discontinuous, allowing for interconnection of sands at various depths. The clays 

16 within the formation serve as semi-confining layers between the shallow and deep 

17 groundwater zones. 

18 On the western edge of the Combined SWMU 70 area, the Wando Formation extends to a 

19 depth of approximately 24 ft bls and consists of three layers: an upper sand unit, an 

20 interbedded sand and clay unit, and a lower sand unit. The upper sand unit is younger and 

21 is composed of fine-to-medium-grained, silty sand,with occasional shell fragments. The 

22 lower sand unit is an older, fine-to-medium-grained sand with some occasional shells. 

23 On the eastern edge of the Combined SMWU 70 area, approaching the Cooper River, the 

24 Wando Formation extends to a depth of approximately 26 ft bls and consists of two layers: a 

25 clay unit and a sand unit. The top unit is a firm to stiff clay, which is often silty or sandy. 

26 The sand unit, which underlies the clay, corresponds to the younger, upper sand unit 

27 described previously. There is no interbedded sand and clay unit or older sand unit present, 

28 which indicates these layers pinch out somewhere in the middle of the Combined SWMU 70 

29 area, possibly around AOC 554. 

30 Fill Materials 

31 Due to the extensive surface soil disturbance at NA VBASE during its operational history, 

32 approximately the upper five feet of the subsurface at Zone E is typically a mixture or 

33 artificial fill and native sediments. In the Combined SMWU 70 area, the Wando Formation is 

34 overlain by a Fill Sand, which is typically very fine to fine-grained, and by Run of Crusher, 
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1 which consists of a gravel in a clayey silt and sand matrix, typically used for subgrade in 

2 construction. 

3 7.2.2 Hydrology 
4 The Cooper River lies to the east of Zone E and serves as a groundwater discharge area. Its 

5 tidal influences are reflected to varying degrees, within up to 300 feet from the waterfront; 

6 Combined SMWU 70 is approximately 1,300 feet from the Cooper River. However, where 

7 storm water or sewer lines have been installed, its influence may reach further inland. A 

8 tidal study preformed at Zone E determined that, in general, groundwater levels increase 

9 between high and low tides. 

10 The surficial aquifer extends from the water table to the top of the confining unit, or the 

11 Ashley Formation. The saturated thickness of the aquifer in the Combined SWMU 70 area is 

12 approximately 27 feet. Groundwater levels were measured at Zone E during the RFI and in 

13 May 2002. Figures 7-12 and 7-13 present groundwater contours for the shallow and deep 

14 zones of the surficial aquifer, respectively (May 2002). These groundwater levels are 

15 approximately one foot lower than those presented in the RFI report, possibly due to 

16 drought conditions currently present in the southeast. 

17 In the shallow groundwater zone, a groundwater divide exists in the Combined SWMU 70 

18 area. This divide occurs approximately at the contact of the Wando sand (Qs) and the 

19 Wando clay (Qc), as presented in Figure 2-3a in the RFI report. Groundwater to the east of 

20 the divide flows primarily to the east, towards a groundwater depression, just west of the 

21 Cooper River. Groundwater to the west of the divide primarily flows to the west and may 

22 flow eventually southwest toward the groundwater depression at SWMU 559. 

23 Similar to the shallow zone, a groundwater divide also exists in the deep groundwater zone 

24 in the Combined SMWU 70 area, This divide may correspond to where the interbedded clay 

25 and sand unit of the Wando formation pinch out at Zone E. Groundwater to the east of the 

26 divide flows primarily to the east-southeast towards the Cooper River and groundwater to 

27 the west of the divide flows primarily to the west-southwest and may eventually flow 

28 toward the depression at SWMU 559. 

29 Several anomalies (mounds or depressions) were identified in the groundwater 

30 potentiometric surface for the shallow and deep groundwater zones, These anomalies are 

31 most likely caused by anthropogenic activities and are consistent with historical water 

32 levels. Shallow subsurface utilities, such as storm sewers and sanitary sewers, are located at 

33 or beneath the water table elevation and are most likely the cause of groundwater 

34 depressions. As the water table elevation fluctuates, groundwater will periodically come in 
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1 direct contact with the system, possibly allowing groundwater to leak into the storm and 

2 sanitary sewer systems. Groundwater entering storm sewers most likely flows to outfalls on 

3 the Cooper River. Groundwater entering sanitary sewers would be transported off the 

4 NA VBASE property to a water treatment facility. Fill materials placed above less permeable 

5 natural material or in trenches may account for mounds, or perched conditions in the 

6 groundwater potentiometric surface. Groundwater in the deep zone is also influenced by 

7 the quay walls and dry docks, which serve as a groundwater barrier in some locations. 

8 However, there appears to be no anomalies in groundwater flow indicators located directly 

9 in the Combined SWMU 70 vicinity. 

10 Based on the May 2002 data, the hydraulic gradient for flow in the shallow zone on both 

11 sides of the divide is approximately 0.001 feet per foot (ftl ft). In the deep zone the gradient 

12 is approximately 0.002 ftlft. The small hydraulic gradients indicate that the groundwater 

13 velocity in the vicinity of Combined SMWU 70 may be extremely low. Such a conclusion 

14 would be consistent with the observation that groundwater contamination has not migrated 

15 a significant distance from the SWMU 70 source areas. The vertical gradient measured at 

16 well cluster E070GWOOI and E070GWOlD (0.0097 ft/ft) in May 2002, indicates that there is a 

17 slight upward vertical flow at Combined SWMU 70. Upward vertical flow at the CNC 

18 generally gets stronger when closer to the Cooper River, except in very localized areas that 

19 are influenced by man-made recharge or discharge such as leaking water lines or 

20 stormwater lines. Various geologic tests, including slug tests (October 1996), a pumping test 

21 at Combined SWMU 70 (April/May 1997), and specific capacity tests (November 1996), 

22 were performed at Zone E to estimate hydraulic conductivity at the site. The work was 

23 completed by the Navy IEnSafe team and was reported in the Draft Zone E RFI Report 

24 (EnSafe, 1997). The average effective hydraulic conductivity was reported at 120 ftl day for 

25 the fill sand, at 0.84 ft/day for the Wando clay, at 11 ftlday for the upper sand of the Wando 

26 formation, and at 3.8 ftl day for the lower sand of the Wando formation. 

27 7.3 Contamination Assessment Summary 
28 The information presented in this section discusses the extent of COCs in soil and 

29 groundwater. Additional delineation of soil is required in the SWMU 25 area to define post-

30 IM contaminant distribution (see Section 8.0). The groundwater appears to be moving at 

31 very slow velocity, due to the flat gradients at the site. This fact, in conjunction with the 

32 knowledge that deeper groundwater movement is impeded by the rising Ashley formation, 

33 indicates the Combined SWMU 70 site does not pose a significant groundwater 

34 contamination migration risk in the future. Additionally, existing contamination at the site 

35 is likely to be reduced in the future, due to the focused CMS being implemented at the site. 
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TABLE 7-1 
Surface Soil MeSs/RGOs for Combined SWMU 70 

RR REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEPTEMBER 2002 

RFI Report Addendum & CMS Work Plan, Combined SWMU 70, Zone E, Charteston Naval Complex 

Chemical 

Range of 
Detected 

Concentrations EPC 

Residential RGOIMCS 
based on Noncarcinogenic 

Health Hazards 

Industrial RGOIMCS based on 
Noncarcinogenic Health 

Hazards 
Proposed 

MCS 

HI= 0.1 

Chromium VI 0.04- 960 344 23 

All units in are in milligrams per kilogram (mg/kg). 
EPC - Exposure Point Concentration for risk estimates 
RGO - Remedial Goal Option 
MeS - Media Cleanup Standard 
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1.0 

230 

3.0 0.1 1.0 3.0 

690 610 6,100 18,300 230 
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TABLE 7-2 
Groundwater MCSslRGOs for Combined SWMU 70 

RR REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION. 
SEPTEMBER 2002 

RFI Report Addendum & CMS Wot1c Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

RangeD! Background 
Detected RangeD! 

Concentrations Concentrations RGO for Noncarcinogenic Proposed 
Chemical (pgIL) EPC (pg/l) MCl Health Hazards MCS explanation 

HI= 0.1 1.0 3.0 

Antimony 2.8·209 25 2.0·5.0 6.0 1.5 15 45 6.0 MClis 
proposed goal 

Cadmium 0.4·88 17 1.4 5.0 3.7 37 111 5.0 MClis 
proposed goal 

Chromium 147· 31,0100 9,732 NA NA 11 111 333 1010 Noncarcinogen 
VI via ingestion, 

same as Mel 

Chromium, 1.6·52,500 8,524 0.8·31 100 5500 55000 165000 100 
total 

ElCR 10·6 10·5 10·4 

PCE 1.0·26 5.6 NA 5 1.1 11 110 5.0 MClis 
proposed goal 

TCE 0.26·70 13 NA 5 1.6 16 160 5.0 MClis 
proposed goal 

Vinyl 0.7·5.0 4.0 NA 2 0.041 0.41 4.1 2.0 MClis 
Chloride proposed goal 

All units are in micrograms per liter (uglL). 
EPC - Exposure Point Concentration (calculated as UGl&s) 
RGO - Remedial Goal Option 
MCS - Media Cleanup Standard 
Mel - Maximum Contaminant Level 
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RR REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEPTEMBER 2002 

1 

2 

3 

4 

5 

6 

7 

8.0 Evaluation of Corrective Measure 
Alternatives 

A focused CMS will evaluate alternatives proposed to achieve the RAOs and MCSs for 

COCs in soil and groundwater at Combined SWMU 70. Several remedial technologies will 

be evaluated for applicability. Passive as well as active technologies will be evaluated for 

soil and groundwater. 

Potential technologies that may be evaluated in the CMS for soil included: 

8 • Capping with LUCs 

9 • Excavation and removal 

10 • In situ treatment with LUCs 

11 • NFA 

12 The most recent data for SWMU 25 were collected in August 1997, prior to completion of the 

13 third 1M at the site, which involved the removal of 25 tons of contaminated soil and other 

14 contaminated material. No confirmatory samples were collected following this 1M. 

15 Additional soil samples will be collected at SWMU 25 and analyzed for COCs. The 

16 proposed locations of surface and subsurface soils samples are presented in Figure 8-1 (11 

17 surface and subsurface soil samples). Additionally, SPLP data will be collected to evaluate 

18 site-specific leachability characteristics of the soil. A total of 11 samples will be analyzed for 

19 SPLP; the specific samples to be analyzed for SPLP will be defined after the initial 10 sample 

20 results are evaluated. Target analytes will consist of COCs in soils. 

21 Potential technologies that may be evaluated in the CMS for groundwater include: 

22 • Groundwater extraction and chemical/physical treatment 

23 • LUCs 

24 • In situ plume remediation using zero-valent iron (ZVI) 

25 • Permeable reactive barriers 

26 • Monitored Natural Attenuation (MNA) 

27 • Enhanced MNA 
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RFI REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REViSION 0 
SEPTEMBER 2002 

1 8.1 Focused CMS Approach 
2 Four additional monitoring wells have been installed in the Combined SWMU 70 area to 

3 better delineate the extent of contamination as well as monitor the ongoing pilot study that 

4 is evaluating ZVI for groundwater treatment. 

5 Data from the new monitoring wells will be acquired through a groundwater sampling 

6 effort prior to beginning the remedial alternatives screening process. The sampling will 

7 refine understanding of dissolved metals distribution in Combined SWMU 70 groundwater. 

8 The CMS will consist of the following tasks that will be performed in the order presented 

9 below: 

10 1. Review existing and new site data and technical literature to identify and screen the 

11 various corrective measure alternatives for applicability. In addition to those listed 

12 above, other corrective measure alternatives may also be evaluated in the CMS. 

13 2. The preferred corrective measure alternative will then be selected. 

14 3. The CMS methods and the preferred corrective measure alternative will be documented 

15 in the CMS report. 

16 8.2 Approach to Evaluating Corrective Measure Alternatives 
17 According to the RCRA pennit issued by SCDHEC (SCDHEC, 1998), the alternatives will be 

18 evaluated with the following five criteria: 

19 1. Protect human health and the environment. 

20 2. Attain MCSs, which will generally be the RGOs. 

21 3. Control the source of releases to minimize future releases that may pose a threat to 
22 human health and the environment. 

23 4. Comply with applicable standards for the management of wastes generated by remedial 
24 activities. 

25 5. Other factors include (a) long-term reliability and effectiveness; (b) reduction in toxicity, 
26 mobility, or volume of wastes; (c) short-term effectiveness; (d) irnplementability; and (e) 
27 cost. 

28 Each of the five criteria is defined in more detail below: 
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RA REPORT ADDENDUM & CMS WORK PLAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISION 0 
SEP1EMBER 2002 

1 8.2.1 Protect Human Health and the Environment 
2 The alternatives will be evaluated on the basis of their ability to protect human health and 

3 the environment. The ability of an alternative to achieve this criterion mayor may not be 

4 independent of its ability to achieve the other standards. For example, an alternative may be 

5 protective of human health, but may not be able to attain the MCSs if the MCSs are not 

6 directly tied to protecting human health. 

7 8.2.2 Attain Media Cleanup Standards 
8 The alternatives will be evaluated on the basis of their ability to achieve the RGOs defined in 

9 this CMS Work Plan. Another aspect of this criterion is the time frame to achieve the RGOs. 

10 Estimates of the time frame for the alternatives to achieve RGOs will be provided. 

11 8.2.3 Control the Source of Releases 
12 This criterion deals with the control of releases of contamination from the source (the area in 

13 which the contamination originated). 

14 8.2.4 Comply with Applicable Standards for Management of Wastes 
15 This criterion deals with the management of wastes derived from implementing the 

16 alternatives; for example, treatment or disposal of well cuttings, contaminated grOlUldwater, 

17 or excavated material from a source area, 

18 8.2.5 Other Factors 
19 Five other factors are to be considered if an alternative is found to meet the four criteria 

20 described above. These other factors are as follows: 

21 a. Long-term reliability and effectiveness 

22 The various alternatives will be evaluated on the basis of their reliability, and the 

23 potential impact should the alternative fail. In other words, a qualitative assessment 

24 will be made as to the chance of the alternative's failing and the consequences of that 

25 failure. 

26 b. Reduction in the toxicity, mobility, or volume of wastes 

27 Alternatives with technologies that reduce the toxicity, mobility, or volume of the 

28 contamination will be generally favored over those that do not. Consequently, a 

29 qualitative assessment of this factor will be performed for each alternative. 

30 c. Short-term effectiveness 
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RFI REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPLEX 

REVISlONO 
SEPTEMBER 2002 

1 Alternatives will be evaluated on the basis of the risk they create during the 

2 implementation of the remedy. Factors that may be considered include fire, 

3 explosion, and exposure of workers to hazardous substances. 

4 d. Implementatiblity 

5 The alternatives will be evaluated for their implementability by considering any 

6 difficulties associated with conducting the alternatives (such as the construction 

7 disturbances they may create), operation of the alternatives, and the availability of 

8 equipment and resources to implement the technologies comprising the alternatives. 

9 e. Cost 

10 A net present value of each alternative will be developed. These cost estimates will 

11 be used for the relative evaluation of the alternatives, not to bid or budget the work. 

12 The estimates will be based on information available at the time of the CMS and on a 

13 conceptual design of the alternative. They will be "order-of-magnitude" estimates 

14 with a generally expected accuracy of -50 percent to + 100 percent for the scope of 

15 action described for each alternative. The estimates will be categorized into capital 

16 costs and operations and maintenance costs for each alternative. 

17 8.3 eMS Report 
18 The CMS report will be prepared to present the identification, development, and evaluation 

19 of potential corrective measures for Combined SWMU 70. A proposed outline of the report, 

20 as shown in Table 8-1, provides an example of the report format and content organization. 
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TABLE 8-1 

RR REPORT ADDEND\M & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVALCOMPlEJ( 

REVISION 0 
SEPTEMBER 2002 

Outline of Focused CMS Report for Combined SWMU 70, Zone E 
CMS Work Plan, Combined SWMU 70, Zone E, Charleston Naval Complex 

Section No. 

1.0 

1.1 

1.2 

1.3 

1.3,1 

1.3.2 

1.3.2.1 

1.3.2.2 

2.0 

3.0 

3.1 

3.2 

3.3 

3.3.1 

3.32 

3.4 

3.4.1 

3.4.2 

3.5 

3.5.1 

3.5.2 

4.0 

4.1 

4.2 

5.0 

Appendix A 

List 01 Tables 

List of Rgures 

Section Title 

Introduction 

Corrective Measures Study Purpose and Scope 

Report Organization 

Background Information 

Facility Description 

Site History and Background 

Nature and Extent of Contamination 

Summary of Risk Assessment 

Remedial Goal Objectives 

Detailed Analysis of Focused Alternatives 

Approach 

Evaluation Criteria 

Description of Alternatives 

Soil Alternatives 

Groundwater Alternatives 

Detailed Analysis of Alternatives 

Soil Alternatives 

Groundwater Alternatives 

Comparative Analysis of Alternatives 

Comparative Analysis of Soil Alternatives 

Comparative Analysis of Groundwater Alternatives 

Recommended Remedial Alternative 

Recommended Soil Alternative 

Recommended Groundwater Alternative 

References 

Corrective Measure Alternative Cost Estimates" 

• Addnional attematives will be analyzed as found necessary. 
b Additional appendices will be added, if necessary. 
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RFI REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
CHARLESTON NAVAL COMPlEX 

REVISION 0 
SEP1l:MBER 2002 

1 

2 

9.0 Discussion of Potential Remedial 
Alternatives 

3 During the CMS, the refined site hydrogeologic model and new soil data collected from 

4 SWMU 25 will be used to evaluate several groundwater and soil remediation technology 

5 alternatives. The feasibility of using ZVI to chemically reduce hexavalent chromium in 

6 groundwater is currently being evaluated; the data that have been collected to date are 

7 presented below in Section 9.1. The identification of other potentially applicable corrective 

8 measure technologies is discussed in Section 9.2. These technologies will be thoroughly 

9 evaluated and screened in the Phase II CMS. 

10 9.1 Preliminary Conclusions from the Pilot Test Using ZVI 
11 Delivered via Injection 
12 Ferox,m injections were conducted within 15 boreholes between January 8 and 28, 2002. A 

13 Work Plan for this effort was previously prepared and approved by EPA. The details 

14 associated with the injection of ZVI into the subsurface at Combined SWMU 70 are 

15 presented in Appendix 1. 

16 Each injection event consisted of a 5 to IS-second injection duration and targeted a discrete 

17 2-ft linear interval within the borehole. The intervals were sealed using pneumatic packers 

18 that were inflated above the target zone. Starting at the deepest interval, injections were 

19 performed working upwards in the borehole. As the injection equipment was raised, the 

20 sandy formation collapsed under the equipment, forming a boundary layer below the 

21 injection nozzle and negating the need for a lower straddled packer. 

22 The locations of the injection borings are presented in Figure 9-1. A total of 16,725 kg of ZVI 

23 was injected into the subsurface. The amount of ZVI delivered to discrete boring intervals is 

24 presented in Figure 9-2. Table 9-1 details the amount of iron injection at each boring and 

25 depth. 

26 Following treatment, groundwater monitoring wells were sampled. Also, groundwater 

27 vertical profile samples were collected from eight different locations. Groundwater samples 

28 were collected from three different depths in the vertical profile locations. The results of the 

29 post-treatment groundwater samples (vertical profile samples and monitoring wells) are 
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presented in Figures 9-3, 9-4, and 9-5 (each figure represents a different elevation). A 

discussion of pre- and post-sample data from each well is provided below. The pretreatment 

sample results are represented by groundwater chemistry reported in April 2001. Two post

treatment sampling events have been completed. The samples collected in May 2002 were 

intended to be represented by one sampling event, however, the samples were 

inadvertently not analyzed for chromium or hexavalent chromium, so an additional 

sampling event was required to collect this data. However, the data collected in May 2002 

will be referred to collectively as the second sampling event. Data for the monitoring wells 

for the March 2002 event are presented in Appendix J. The data for the Hach tests are not 

included, as the method detection limits were not adequate for the purposes of this study. 

The Phase II CMS Work Plan specified that post-treatment groundwater samples would be 

analyzed for the parameters that are listed in Table 2-2 of that document (CH2M-Jones, 

2002). An evaluation of pre- and post-treatment data is presented in the following sections 

(note this discussion is limited to groundwater monitoring wells as these were the only 

means by which to evaluate pre- and post-treatment data). A full analytical report for all 

groundwater data collected as part of the pilot study is presented in Appendix K. 

Redox reaction with ARS' FeroxsM ZVI powder involves FeO oxidation with dissolved 

oxygen and subsequent chromate ion reduction with Fe (II) cations. 

In a reducing environment, the iron will react following equation (1); 

Fe" + 2H+ = Fe2+ + H2 (1) 

When oxygen is present, the iron will react following equation (2); 

Fe" + 1.50, + 6H+ = Fe(OHh + 1.5H2 (2) 

With the presence of chromate, the net reaction will be; 

Fe" + crO.2-+4H20 = Fe(OHh + Cr(OHh + 20H- (3) 

9.1.1 Monitoring Well E07OGW001 
Total pretreatment chromium and hexavalent chromium results for this well were 2,580 and 

2,070 ILg/L, respectively. Three post-treatment groundwater samples were collected from 

this well (February and May 2002). The total chromium results for post-treatment samples 

are similar. The hexavalent chromium results showed an initial decrease to 770 ILg/L in 

February, however, this value was reported as 1,450 ILg/L in the May sampling episode. The 
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1 pH, hydrogen and Eh results indicate that geochemistry at this location was not 

2 significantly affected by the injection of ZVI. 

3 9.1.2 Monitoring Well E070GW002 
4 Total pretreatment chromium and hexavalent chromium results for this well were below the 

5 MeL for chromium. The hydrogen and Eh results indicate that the geochemistry at this 

6 location was not significantly affected by the injection of ZVI. However, pH results have 

7 decreased slightly. As presented in Equation 3, a pH increase would be expected when ZVI 

8 is actively being oxidized in groundwater. 

9 9.1.3 Monitoring Well E070GW01D 
10 Total pretreatment chromium and hexavalent chromium results for this well were 31,000 

11 and 30,600 J!.g/L, respectively. Three post-treatment groundwater samples were collected 

12 from this well (February and May 2002). The total chromium results for post-treatment 

13 samples are similar. The hexavalent chromium results showed an initial decrease to 1,350 

14 J!.g/L in February, however, this value was reported as 14,800 J!.g/L in the May sampling 

15 event. 

16 The pH values are higher after treatment, as expected by Equation 3. Hydrogen results have 

17 significantly increased, when comparing pre-and post-treatment concentrations. Eh results 

18 also show a decrease overtime. 

19 9.1.4 Monitoring Well Summary 
20 The increase of hydrogen concentrations in groundwater is probably the most reliable 

21 indicator that the ZVI is active in an area near a monitoring point. A pH increase (see 

22 reaction 3) is expected with the emplacement of ZVI, increase in pH levels may. The Eh 

23 values (a calculated value based on oxygen reduction potential [ORP]) are not expected to 

24 be sufficiently reliable to definitively evaluate if ZVI oxidation is occurring near the 

25 monitoring point, but may provide evidence of a more reducing environment. 

26 9.1.5 OPT Sample Results 
27 Eight vertical prome groundwater sample borings were installed in March 2002 to collect 

28 discrete groundwater samples from different depths. Up to three samples were collected per 

29 boring. The locations of the bOrings, with respect to injection locations, are presented in 

30 Figure 9-1. Appendix J presents the total and hexavalent chromium results for each sample 

31 collected. 
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1 9.1.6 Comparison of Pre- and Post-Treatment Groundwater Samples 
2 As previously stated, the monitoring wells discussed above were the only stations from 
3 which pre-and post-treatment data could be evaluated. The post-treatment boring data 
4 could not be compared to pre-treatment results since the same borehole was not used for 
5 sample collection. In order to evaluate the post-treatment data with respect to pre-treatment 
6 data, a section of the pre- and post-treatment groundwater plumes were constructed (note, 
7 since the dimensions of pre-and post-treatment sample grids were different, it was not 
8 possible to construct pre-and post-treatment 3-D plumes). 

9 To construct the section of the same axis for both pre-and post-treatment data, the pre-and 
10 post-treatment groundwater data were loaded into a Environmental Visualization Software 
11 (EVS). The data was then krigged. Following this, a section from the same axis in both 
12 krigged data sets was extracted for visualization purposes. The results of this evaluation 
13 (i.e., pre- and post-treatment data) are presented in Figures 9-6 and 9-7. This figure indicates 
14 that post-treatment hexavalent chromium results have decreased, as compared to pre-
15 treatment results. 

16 It is expected that hexavalent chromium concentrations will continue to reduce over time, as 
17 more contaminated groundwater flows through the reactive treatment zone. To better 
18 evaluate the changing groundwater chemistry overtime, four new monitoring wells (two 
19 shallow and two deep) have been installed in the Combined SWMU 70 area; the location of 
20 these wells was presented in Figure 4-2 (E070GW005, E07OGW006, E070GW05D, 
21 E070GW06D). These wells will be sampled during the first six to twelve months for the 
22 following parameters on a quarterly basis: 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

• pH 

• Temperature 

• Turbidity 

• Dissolved oxygen (DO) 

• ORP 

• Conductivity 

• Total chromium 

• Total dissolved chromium 

• Total hexavalent chromium 

• Total dissolved hexavalent chromium 

• Hydrogen 

• Methane 
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1 Additional data from the pilot study will be available when the CMS is produced and will 
2 be evaluated in detail against the CMS evaluation criteria. 

3 9.2 Identification of Corrective Measure Technologies 
4 Corrective measure technologies that have the potential to reduce, elinUnate, or control the 
5 unacceptable risk to human health and the environment to acceptable levels will be 
6 identified and screened. 

7 A key element of the remedial approach to be developed for Combined SWMU 70 corrective 
8 measures will be the overall strategy for achieving the various RAOs. 

9 The following prelinUnary list of technologies, presented below, was developed based upon 
10 the known site COCs and the RGOs desired for the site: 

11 9.2.1 Groundwater 
12 • Groundwater extraction and chemical/physical treatment 

13 • LUes 

14 • In situ plume remediation using in situ reactive zones 

15 • Permeable reactive barriers 

16 • MNA, or enhanced MNA (alteration of groundwater geochemistry, with the addition of 
17 specific chemicals, to immobilize contaminants in groundwater) 

18 Groundwater Extraction/Treatment for Hydraulic Containment 
19 This technology involves strategically placed groundwater extraction wells which are 
20 pumped to control groundwater gradients, creating a hydraulic barrier which prevents 
21 migration of contaminated groundwater off site. The extracted groundwater is treated to 
22 remove contaminants and can be re-injected at strategic locations to further enhance 
23 hydraulic containment in the aquifer, or can be discharged. This approach is often 
24 determined during a eMS or its implementation to be excessively expensive and may be 
25 dropped during its development if more cost-effective methods for achieving plume control 
26 are identified. 

27 LUCs 
28 LUCs may be needed during the period before the MeSs are achieved. Such restrictions are 
29 likely to relate to control of zoning and groundwater use restrictions. 

SWMU7OZERRRAREVO.OOC 
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In situ voe Source Area or Plume Treatment by ZVllnjection 
This technology involves injecting powdered granular iron into the aquifer to promote in 
situ dechlorination of chlorinated VOCs (CVOCs). The process depends on the corrosion of 
the injected elemental iron particles to form ferrous iron and hydrogen, both of which are 
reducing agents for CVOCs in the saturated and vadose aquifer zones. 

Permeable Reactive Barriers 
This technology also involves ZVI, but includes construction of a permeable reactive wall of 
granular or powdered iron below the water table to intercept and treat the dissolved phase 
VOC plume as the groundwater passes through it, but before it moves off site. 

MNA 
This technology involves monitoring groundwater to evaluate naturally occurring aquifer 
processes such as biodegradation, dispersion, adsorption, and dilution of contaminants, 
which may be adequate to prevent migration of contamination away from Combined 
SWMU 70. MNA could be one component of an overall plume control strategy for portions 
of the plume. 

Enhanced MNA 
This technology is similar to that which is described above for MNA, with the addition of 
chemicals that would alter groundwater geochemistry to favor inunobilization of dissolved 
COCs in groundwater. 

9.2.2 Soil 
• Capping with LUCs 

• Excavation and removal 

• In situ treatment with LUCs 

• NFA 

Capping with LUCs 
This technology involves installation of an impermeable barrier over contaminated soils. 
The barrier would prevent further infiltration into contaminated soils and result in 
significant decreased in leachability of contaminants from soils. The cap would also prevent 
human receptors from coming into contact with contaminated soils. The suitability of the 
existing asphalt cap which was installed after the 1M completed in 1998 will be evaluated, 
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This technology involves removal of contaminated soils, Soil would be removed to a level 

where the remaining soils no longer poses a threat to groundwater or risks to human health, 

In Situ Treatment with LUes 
This technology involves adding chemicals to the site to stabilize the leachability of metals, 

NFA 
As stated in Section 8.0, additional soil samples and SPLP data will be collected to redefined 

the extent of soil contamination following the 1M completed in 1998. These data 

interpretations may result in a finding for NF A in soil. 
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TABLE 9-1 
Iron Distribution During Field Injections at Combined SWMU 70 

RA REPORT ADDENDUM & CMS WORK PlAN, COMBINED SWMU 70, ZONE E 
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RfVISIONO 
SEPTEMB€R 2002 

RFI Report Addendum & CMS Worlr Plan, Combined SWMU 70, lone E, Charleston Naval Complex 

Approximate Weight of Iron Injection Location Date of Injection Depth (It bls) Injected (kg) 

PF-l 1/10102 15-27 900 

PF-2 1/14/02 17-27 975 

1/8/02 
PF-3 11-27 1,150 

1/9/02 

PF-4 1/15102 14.5-30.5 1,525 

PF-5 1/12102 13-27 1,300 

PF-6 1/22102 13-25 1,150 

PF-7 1/11/02 13-27 1,225 

1/20/02 
PF-8 13.5-28 1,150 

1/26/02 

1/18/02 
PF-9 11.5-29.5 1,650 

1/19/02 

PF-l0 1/25/01 13-29 1,025 

1/19/02 
PF-ll 12-30 1,150 

1/25/02 

PF-12 1/28/02 23-27 250 

1/17/02 
PF-13 19-29 950 1/18102 

PF-14 1/24/02 16-30 875 

PF-15 1/23/02 13-31 1,450 

Total Iron Injected 16,725 kg 

It bls Feet below land surface 

kg Kilograms 

SWMU7OZERFIRAREVO.OOC 
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Appendix A 



Response To Comments from Charles B. Watson - SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

General Comment 
The Zone E RFI submittal uses industrial RBC's as part of the determination of contamination. And 
in some cases, an inappropriate industrial RBC was referenced. Sampling results need to be 
compared to residential RBC values. Therefore, it is requested that all sampling results be 
re-evaluated based upon residential RBC's from the latest EPA Region III RBC Table. In addition, 
it is requested that comparison be made in the same units as the table. Based upon review of the RFI 
as submitted, only AOC's 571 and 592 are recommended for NFA classification. 

Response to General Comment 
The screening of analytical results for Zone E had been previously discussed in Project Team 
meetings. It was agreed upon by the Project Team, including SCDHEC representatives, that 
Zone E data be screened using industrial RBCs. This approach was again submitted in the 
pre-submittal review for the Draft Zone E RFl Report and the Project Team again had a 
chance to comment and were fine with the approach. Residential and industrial RBCs were 
used in the risk assessment to select COPCs for the site worker and residential scenarios. Both 
residential and industrial RBC comparisons are presented in the CPSS tables in the site
specific risk assessments of the Draft Zone E RFl Report. In the fmal Zone E RFl Report the 
reader will be referred to the appropriate sections for comparisons to residential RBCs. 

Site-Specific Comments and Responses 

SWMU 23/63, AOC 540/54115421543 
Commentl 
Page lOA-I. The report accounts for operations at AOC 541 from 1909 to 1939 and demolition in 
1970; however, no information exists for the operation between 1939 and 1970. The Navy should 
investigate the history of the building. 

Response 1 
The history of the building will be further investigated and included in the Final Zone E RFl 
Report. 

SWMU 65, AOC 544/546 
Comment 2 
Page 10.6-33 (Table 10.6.6.2). Lead exceeded industrial soil RBC (1,300 mglkg) with 3,130 mglkg. 
More sampling is required for this area. 

1 



Response 2 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Faci1iJy Investigation Report 

Charleston Naval Complex 

The sample referred to is a sediment sample collected from a catch basin (stonn drain) at AOC 
546. The catch basin was cleaned during interim measures conducted by the Environmental 
Detachment Charleston. Details of the cleaning can be found in the Closure Report for A OC 
699 Stonn Drain Cleaning prepared on March 8, 1999. 

Comment 3 
Page 10.6-4, states that since free product was discovered in 065SBOO6, an additional soil boring 
(065SBOO603) was installed. The location of this boring has not been included on location maps. 
In soil boring 065SB0063, the soil was described as "fine sand with oily stains in laminations". 

Analyses were perfonned but data was not presented. The RFI states that two VOC's, TPH-GRO, 
and fifteen metals were detected. The data should be presented and a determination made as to the 
full extent of the impact. 

Response 3 
The text states ''During drilling, free product was noted in soil boring 065SB006, prompting 
the collection of an additional soil sample (065SB00603)." An additional soil boring was not 
installed. The last 2 digits of the sample identification refer to the interval at which the sample 
was collected. The location of soil boring 065SB006 is shown on Figure 10.6.1, the same 
location from which sample 065SB00603 was collected. Refer to Section 3 of this report for 
the sample identification system None of the detected concentrations exceeded their respective 
SSLs. Analytical results are included in Appendix H of this report. The source of the free 
product has been identified as a UST, which has been removed and is now part of the UST 
program. The responsibility of delineating the extent of contamination has fallen under the 
jurisdiction ofthe UST program. SCDHEC may want to discuss this site with Mr. Paul Bristol 
of the Departments UST program. 

SWMU 70, AOC548/549 
Comment 4 
The extent of contamination of the soil around 549SBOIO should be fully characterized for lead. 

Response 4 
The extent of lead contamination has been determined on the east, west, and south sides of 
549SBOI0 with borings 549SB001, 549SB008, 549SBOO9, and 549SBOI2. Due to the thickness 
of the concrete floor and the equipment in place in Building 3 along the northern perimeter 
of AOC 549, soil samples were not collected in this area. The closest accessible area to the site 
is approximately 120 feet to the north inside Building 3, which would not have been a 
representative sample for the site. 

2 



SWMUSI 
CommentS 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facilily Investigation Report 

Charleston Naval Complex 

The previous building located at this site had a wooden floor which could have allowed spills to 
reach soil underneath the building. What detennined that the soils underneath the pad and around 
the pad did not need to be sampled? 

ResponseS 
The less-than-90-day accumulation area was not a building, but a sheltered area with a 
wooden platform for storing drums and containers. The wooden platform sat on the concrete 
foundation of the area adjacent to the seawaU, thus any spiUage would have been onto the 
concrete, therefore areas of stained concrete were sampled rather than soil. The Final Zone E 
RFI Report will be clarified to include this information. 

SWMU97 
Comment 6 
Arsenic, beryllium, and chromium were above residential RBC for surface soil and should be 
evaluated. 

Response 6 
Arsenic, beryllium, and chromium were addressed in the site-specific risk assessment which 
identified the fact that each of these elements were well below their respective background 
reference concentrations. 

SWMUlOO 
Comment 7 
Arsenic and beryllium were above residential RBC for surface soil and should be evaluated. 

Response 7 
Arsenic and beryllium were addressed in the site-specific risk assessment which identified the 
fact that each of these elements were well below their respective background reference 
concentrations. 

SWMUI02 

CommentS 
The Navy should investigate the level of cleanup conducted in 1969 for the mercury spill. The 
information should assist with the detennination of contamination and exact location of the spill. 
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ResponseS 

Draft RespOllse To COIIIIII8nts from SCDHBC 
for Draft Zone B RCRA Facility InvestigatiOll Report 

Charleston Naval Complex 

Intense scrutiny by the Project Team resulted in an expanded investigation of this site. AU 
available records were researched and interviews of former employees were conducted in 
order to determine where the spill occurred. The area of investigation was expanded several 
times to cover the entire building area after the initial investigation revealed no source. AU 
results were documented and reviewed by the Project Team for several consecutive months 
and it was agreed upon by the Team that all investigative efforts had been exhausted. The 
Final Zone E RFI Report will be revised to reflect the level of effort put forth to investigate this 
site. 

Comment 9 
The report indicates that the mercury release was discovered inside the central portion of the 
building; however, samples 102SBOI0l and 102SBOll, and 102SB012 (located along southwest 
edge of building) were sampled for mercury vapor. The navy should sample in locations closer to 
the approximate release area. Also, the Navy must sample for mercury in the lower soil interval. 

Response 9 
Mercury vapor samples (see Section 10.14.5) were coUected at each of the soil sample locations 
shown on Figure 10.14.1. Lower-interval soil samples were collected at 39 of the 46 proposed -, 
locations. These results are presented in Section 10.14.2. 

SWMU 170/171 
Comment 10 
Aroclor-1260 was detected above the residential RBC in boring 171SBOOI2 and 171SBOOl3. The 
vertical and horizontal extent of contamination should be determined. 

Response 10 
The area around boring 171SB013 has been delineated vertically and horizontally. Additional 
upper and lower-interval samples will be coUected along the western edge of 171SB012 to 
complete delineation of Aroclor-1260 at this location. 

AOC525 
Comment 11 
Arsenic and beryllium were detected above the residential RBC in surface soil. The vertical and 
horizontal extent of contamination should be determined. 
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Response 11 

Draft Response TO Comments from SCDBBC 
for Draft Zone B RCBA Faci~ity Investigation Report 

Cbar~eston Na"a~ C""",,~ex 

Arsenic and beryUium were addressed in the site-specific risk assessment which identified the 
fact that each of these elements were well below their respective background reference 
concentrations. 

AOC528 
Comment 12 
Benzo(a)pyrene equivalents, arsenic, and beryllium were detected above the residential RBC in 
surface soil and should be evaluated. Sediment samples from 528MOOOI exhibited levels of BEQs, 
pesticides and metals above the residential RBC and should be evaluated. 

Response 12 
Benzo(a)pyrene equivalents were detected in one sample at a concentration above its 
residential RBC but well below its industrial RBC. Arsenic and beryUium were detected at 
concentrations above their respective RBCs but were well below their respective background 
reference concentrations. The sediment sample from the catch basin did exhibit elevated 
concentrations of metals, pesticides, and BEQs, however, this catch basin was cleaned during 
interim measures conducted by the Environmental Detachment Charleston. Details of the 
cleaning can be found in the Closure Report for AOC 699 Storm Drain Cleaning prepared on 
March 8, 1999. 

AOC530 
Comment 13 
The Department recommends adding Lead to the list of Contaminants of Concern in the soils. The 
report indicates elevated levels in the southwest area. Also, soil borings should be installed closer 
to the northeast area of AOC 530 if possible. 

Response 13 
Lead was detected in all 11 surface soil samples, however, the mean detected concentration for 
AOC 530 was 336 mglkg, below its residential clean up level, and no sample exceeded the 
industrial cleanup level of 1,300 mglkg. Samples were collected from the closest accessible 
locations adjacent to AOC 530. 

AOC531 
Comment 14 
Site history reveals the existence of electric transformers and Aroclor -1260 was detected in the first 
round of soil sampling. The Department therefore recommends the addition of Aroclor-1260 as a 
Contaminant of Concern. 
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Draft Response 2'0 COIIIIIIeJlts from SCD1IJfC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Complex 

Response 14 
Aroclor-1260 was detected in 2 surface soil samples but each of these were well below their 
respective industrial RBCs. These samples were collected in locations where the old PCB
containing transformer were located and where the highest concentrations would be 

Comment 15 
The first round of soil samples were analyzed for VOCs, SVOCs, 
the second round was analyzed for only SVOCs, metals, and pH. The 
CMS samples include VOCs and PCBs. 

Response 15 
Additional sampling will be conducted for VOCs and PCBs. 

AOC538J539 
Comment 16 
Line 12 on page 10.23-2 states "AOC 538 will not include 
The Department does not agree with this exclusion. 
and also include their locations on the site map. 

Response 16 
Please refer to Section 10.4.1, Figure .. w ..... , 

locations 542SB002 and 542SB006 for 
for sample locations 538SB002 and 
of these 2 sites, these locations were 
results from 2 locations 

AOC555 

reDOrt. Sample 
were proposed 

due to the proximity 
'entifi(:ati'on. Analytical 
interpretation of nature 

Report will be revised to 

The Department recommends collection of 
~ •••• 1't1T for metals and PCBs. 

on the edge of Pier D, an area built on pilings and over 
which could be collected were sediment and surface water, 

collected. A surface water sample would not have been 
elapsed since the facility was in service. 
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Draft Response To COIIIIIIeZIts from SCD1DIC 

for Draft Zone B RCRA Faci~ity Investigation Report 
Cbar~eston Nava~ COIIW~ex 

AOC558 
Comment 18 
An explanation is needed as to why concrete core samples were not collected in the middle of the 
building. 

Response 18 
Concrete samples were collected from the concrete pads associated 
outside the building to investigate possible releases of dielectric 
collected from the several areas within the transformer vault and 
inside the building to detect any possible migration pathway of 

Comment 19 
The Navy should collect soil samples around building 77 for DQO 
of parameters which includes VOCs, SVOCs, pesticidesJPCBs, 

Response 19 
An attempt will be made to collect soil samples from 
of parameters. 

AOC567 
Comment 20 
Arsenic, antimony, beryllium, and chl:on:ri 
values. The vertical and horizontal 

residential RBC 

risk assessment which 
their respective background 

resideJlltial RBC and background reference 
rllI~jtrilll RBC. 

the center of AOC 570 but the report did not mention 

1199 will be researched and included in the Final Zone E RFI 
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Draft Response To COIIIIII8.tIts frO/l1l SCDH1lC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Complex 

AOC580 
Comment 22 
In the conclusions of the report, lead was noted to be at its highest concentrations along the northern 
and eastern walls of Building 10. These areas should be investigated thoroughly as part of 

Response 22 
Lead was detected in all 9 surface soil samples, however, the mean 
was 314 mg/kg, below its residential clean up level of 400 mg/kg, 
industrial cleanup level of 1,300 mg/kg. Additional samples 
northern and eastern edges of Building 10 to assure that the site 

AOC583 
Comment 23 
N-Nitroso-di-n-propylamine and pentachlorophenol were detected 
respective SSLs and should be confirmed by resampling as part of 

Response 23 
Additional sampling will be conducted in the area 
these 2 compounds and assure that the site has 

AOC590 
Comment 24 
Section 10.43.7 reports "two storm 
sampled for the investigation. Please 
the Navy an interim 

one sewer inlet was 

during the investigation. It appeared that the 
could not be collected. The existing catch 

.u",,,,,, by the Environmental Detachment 
the Closure Report for AOC 699 Storm 

Drain Cleano 

been improperly used in the first paragraph for acetone. 

the Final Zone E RFI Report. 
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AOC598/599 
Comment 26 

Draft Response To Commeuts from SCnBBC 
for Draft Zane B RCRA Facility Investigation Re,port 

Charleston Naval Complex 

Soil samples identified exceedances for lead in several areas of AOC 598 and 
Page 10.47-36 states that "soil samples collected for the AOC 597 RFI 
soil to the north of sample location 598SBOO5, it is unclear whether the 
defined to the west of sample location 598SBOO5". The De:PaJrtmel 
boreholes in the western area. Also, additional boreholes should be 
598. 

Response 26 
Additional samples wiD be collected in the area west of 5988B005 
been delineated. 

·AOC602 
Comment 27 
Soil boring 602SBOO4 exhibited detections of Aroclor 
values. The surface soil around 602SBOO4 should 

Response 27 
Additional samples wiD be collected in the 
been delineated. 
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Responses To Comments from Eric F. Cathcart - SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

General Comments 

Commentl 
Soil and groundwater sample blanks for several areas of m,'p<1"11 

contaminants. These detections were noted in the volatile, <p~n;vnl~ 
accordance with the Environmental Protection Agency, Standard 
collection, trace contaminants in field, trip, equipment, and distilled 
problem with either decontamination procedures and/or cross COIltru 
collection or transport. The RFI report should fully explain the existenc 
blanks. Please revise the text to include this/these explanation(s). 

Response 1 
The Navy agrees with SCDHEC's statement that trace 
and distiUed water blanks may indicate a problem 
and/or cross contamination of S3D1ples during 
made to reduce cross contamination at CNC in 
of the RFI process at CNC aU Level III and IV 
validation. According to EPA guidelines, 
levels, described in detail in Section 4 of 
that would indicate a chronic prl()blem 
detections which are not in(liClltilie 
information appropriate 

problem. Sporadic 
the Navy to use this 

the Final RFI Report to 
~ml()tiII2 to fully explain the 

speculation which would serve 

specific to the SWMU and/or AOC. The 
quarter of groundwater levels collected. 

have been collected and will be reviewed. Site-specific 
revised to include average groundwater flow directions in the 

on the average flow direction over four quarters. Zone-wide 
fovided for each of the quarterly groundwater monitoring events. 
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Draft ReS.POl2se 2'0 COIIIIIIeZlts from BCD111lC 

for Draft zone B RCRa Facility Investigation Report 
Charleston Naval Caqplex 

Comment 3 
The report should also integrate the grid well locations and data into the standard SWMU or AOC 
well networks. The Navy should avoid overlooking the data from adjoining grid wells while 
investigating a site. 

Response 3 
Data from adjoining grid wells will be reviewed and included in the 
and in the site-specific figures. 

Site-Specific Comments 

SWMU 5,18, AOC 605 
Comment 4 
Page 10.1-39 (line 10) Data from the first quarter sampling event 
exposure pathways. It would be useful to use data from other on,utf,ri 

should explain the exclusive use of first quarter data. 

Response 4 
The point is well founded, however, considering 
track" and due to the vast amount of data 
validated groundwater data was used to 
quarters of validated groundwater data 
the submittal of the report. If any 
sampling events, these changes were 
sununaries, the recommendations, 
results from quarterly 
report. AU including 

er~ltiO>D prior to 
ubseqlllent quarterly 
the risk assessment 

mmary tables providing 
H, part 1 of the draft 

for validated data will be 

21 monitoring wells are no longer usable 
replacement wells been installed to date? If so, 

new well locations. If replacement wells have not been 
Jartme·nt of plans for monitoring the site. 

detections in groundwater were sporadic and generally less 
not replaced after the detachment conducted the soil removal, 
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Draft Response To Comments from SCDREC 
for Draft Zone If RCRA Facility Investigation Report~~" 

Charleston Naval Complex 

because the source of contamination was eliminated. Discussions are ongoing pertaining to the 
widespread presence of inorganics in groundwater and how to interpret the significance of that 
data. A technical memo was submitted to the Project Team to review several months ago and 
it was briefly discussed at a meeting with SCDHEC in June. At that meeting 
indicated their review of the memo was not complete and that further discussion 
deferred until that review was complete. There are no plans to re-Insla 
this site. 

SWMU 22125, AOC 554 
Comment 6 
Figure 10.3.2 should be followed by a groundwater contour map 
groundwater level data. 

Response 6 
Please see response to comment 2. 

SWMU 23/63, AOC 540/5411541J543 
Comment 7 
Figure 10.4.2 should be followed by a grounclwal 
groundwater level data. 

Response 7 
Please see response to comment 2. 

Navy needs to locate the source of the free product. 
pathway for free product to travel very near the soil boring. 

spent pickling bath solution was discharged via the storm drain 
lSSt:SSlnellt should be performed around storm drain system. 

12 
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Draft Response To COIIIIII8llts from SCD1IJfC 
for Draft Zone E RCRA Pac1l1ty Investigation Report 

Charleston Naval Complex 

The source of the free product has been identified as a UST, which has been removed and is 
now part of the UST program. The responsibility of delineating the extent of contamination 
has fallen under the jurisdiction of the UST program. SCDHEC may want to discuss this site 
with Mr. Paul Bristol of the Departments UST program. 

Comment 10 

Deep well (NBCE06504D) reported a TCE value of 8.00 ug/L V"'J,--" 

value of 6.00 ug/L (MCL=2.0 ug/L). DCE was also detected, but 
and vertical extent of organics in the lower aquifer should be det:errni 

Response 10 
Organics were also detected in elevated concentrations in shallow 
installation of additional shallow wells, the UST program will be 
have already instaDed additional shallow weDs in response to 
Additional deep monitoring wells will be installed in the area 
delineation of these contaminants. 

Comment 11 
Shallow wells have exceedances for MCL of 
adequately delineate the vertical extent of cOTltar 

installation of additional deep wells, both 
to monitor the concentrations of metals. 

installe:d to 

Response 11 
Discussions 
and how to 
Project 

nor·grunes in groundwater 
memo was subnlitted to the 
discussed at a meeting with 

indicated their review of the memo was not 
leff'l"R:d until that review was complete. Deep 

recommended for CMS and long-term 

was detected in 
100 ug/L. The 

form? 
12 

amounts in NBCE0700ID at 52,500 ug/L, exceeding the 
present the percentage of the Chromium detected in the 
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Draft Response To COIIIIIISZlts fram SC11BBC 

for Draft Zone B RCRA Facility Investigation Report 
Charleston Naval Complex 

Discussions are ongoing pertaining to the widespread presence of inorganics in groundwater 
and how to interpret the significance of that data. A technical memo was submitted to the 
Project Team to review several months ago and it was briefly discussed at a meeting with 
SCDHEC in June. At that meeting SCDHEC indicated their review of the memo not 
complete and that further discussion should be deferred until that review was 
that memo it was noted that an additional sample was collected at 
using a low flow method and the level of chromium dropped 
NBCE0700ID will be resampled and analyzed for hexavalent 
provided in the Final Zone E RFI Report. 

Comment 13 
Page 10.8-19 (line 11) states "No MCL has been established for chloro 
has infonned the Navy in previous reviews that an MCL of 100 
Monochlorobenzene. The report should be revised to reflect the 

Response 13 
The Final Zone E RFI Report will be revised to reflect 

Comment 14 
The report indicates that shallow wells NE~CI\o71[)( 
2.27 respectively. Since the materials of 
pH. The Navy has failed to define the 
shallow aquifer. The Navy should 
wells if the exceedances continue. 

of 1.82 and 
ceI!ned about this 
conditions in the 

lstaIlati'Dn of additional 

'r:~~~ 'diS4~rel)an,1:Y and has determined 
.. and NBCE549003 indicated a very low 

the same site and analyzed during the same 
Based on field measurements recorded 

from these same wells, during the same 
rounds of sampling, indicated very different 

meaStU'ellllel~t of aD shaDow and deep weDs at this site 
Idwring each quarterly sampling event. Based on field 

a wide contrast in pH results provided by the 
errantly analyzed for pH out of sample containers which 

for metals with nitric acid and for cyanide with sodiwn 
unpreserved samples. Wells at this site will continue to be 
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Draft ResJ)OJlse 2'0 CCIIII/IIeJlts from SCDIllfC 
for Draft Zane B RCRA Facility Investigation Report 

Charleston Naval Complex 

monitored in the future, including for pH, which will be measured in the field to confirm this 
determination. 

Comment 15 
The report indicates that deep well NBCE07001 had a pH value of 13.10. 
define the horizontal and vertical extent of the basic conditions in the deep 
resample the well and consider the installation of additional wells if 

Response 15 
The well referenced is actually NBCE07001D, which will continue 
measured. Please see response to comment 14. 

Comment 16 
Page 10.8-27 The second paragraph refers to a groundwater 
discussed in Section 2.3.2. Mr. Paul Bergstrand has informed 
anomaly, the storm drain line, has been repaired. The 
groundwater in this area may be significant. The 
direction using a minimum of four quarters of new 
in the revised RFI report. 

Response 16 
This comment suggest that the Navy 
quarters of water level measurements 
have been measured for four COiltinlUOl 

of will be colltec 

one year while four 
Groundwater levels 

One additional round 
previous data and new 

RFIReport. 

plume exists in the area of SWMU 25 and 
map and an isoconcentration map to assist 

Itarninati()fl migration. 

map will be provided in the Final Zone E RFI Report. 
nvi,~ed in Appendix K will also assist in determining the 
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Draft Response To Commentsfrom SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

Comment 18 
The upper interval soil boring 083SBO 10 (1,400 mglkg) exceeded the lead industrial RBC of 
1,300 mglkg and the lead background RC of 265 mglkg. The RFI states that a soil cleanup/screening 
level for lead of 1,300 mglkg was calculated for the Zone H RFI using the Adult Lead The 
RFI states that only one surface soil sample exceeded this limit; however, the mean 
concentration for combined SWMU 83 is 231 mglkg and falls below the 
adult cleanup/screening levels. The Navy has calculated the mean 
concluded no further action. The Department recommends that the 
points of the area surrounding 083SBOIO. The horizontal and 
contamination should be detennined. 10 summary, the Department 
elevations of lead should be diluted with analytical values from surrou: 
be below detection limits. 

Response 18 
As shown on Figure 10.10.11, the horizontal extent has been 
to the west by 084SBOOl, and to the south by 083SB009. An 
installed to delineate the northern edge. 

Comment 19 
Data reveals that Arsenic may be a key COC at this 
Department agrees with the Navy's recomlIIlf:n 
recommend the formation of an isocOllcentrati~ 
that may mobilize contaminants. 

Response 19 

The 

~nslt1'{e receptors 

Arsenic was idtntiJried 
been ..... 'on~1 
CMS,at 

groundwater, which have 
u.rtliler evaluation during the 

for be selected. Isoconcentration 
RFI Report. The Navy does not understand the 

~eptc)rs that may mobilize contaminants", 

detected at levels above the MCL (.OO2mg/l) for four 
quarters of groundwater sampling. The horizontal and 

in the area must be detennined. 

16 



Draft Response ~ Cammeuts from SCDBBC 
for Draft zone B RCRA Facility Investigation Report 

ClIarleston Naval CCIIIG>l_ 

Response 20 
A significant number of wells throughout Zone E have shown Thallium concentrations 
exceeding its MCL of 2 p,g/L and its Tap Water RBC of 2.9 p,g/L. Discussions are ongoing 
pertaining to the widespread presence of inorganics in groundwater and how to the 
significance of that data. A technical memo was submitted to the Project Team 
several months ago and it was briefly discussed at a meeting with SC:Dlfl 
meeting SCDHEC indicated their review of the memo was not 
discussion should be deferred until that review was complete. 

Comment 21 
Page 10.6-42 States that "PAHs are not of concern because most 
particularly mobile in soil or groundwater." The Department does not 
recommends delineating the horizontal and vertical extent of P AHs in 

Response 21 
In accordance with carcinogenic polynuclear aromatic 
were calculated for cPAHs at this site. At issue seems to 
to continue sampling when constituents are so 
collected from all across the zone. Due to the high 
one another and the shallow depth of ,",)ll~ld\1va" 
not be attributable to anyone site or source. 
conducted on the basis of arsenic and 
the purpose of determining whether or 
E. Results of second round sampllng 
as NA VBASE Charleston in general, 

IIDlpUng was 
iropling and for 

~~~'r .... ,tI across Zone 
across Zone E, as well 

ampliIlg is questionable. 

~t(:cted. yet free product has been reported for this 

Response 22 
The figure 
atNBC::EO 
been 

detected in the free product sample collected 
the Final Zone E RF1 Report after the risk has 
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Draft Response To COIIIIII8.Dts fram SCDHIfC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval C~l_ 

SWMU 87/172, AOC 564 
Comment 23 
Page 10.11-16, The first paragraph states "No MCL has been established for chlorobenzene". The 
Department has infonned the Navy in previous reviews that an MCL of 100 ug/L 
established for Monochlorobenzene. The report should be revised to reflect the proper 

Response 23 
The Final Zone E RFI Report will be revised to reflect this imOrJlllll 

SWMU97 
Comment 24 
Antimony and arsenic were above residential RBC for shallow gl"C,undw; 
should be evaluated. The RFI is therefore incomplete. 

Response 24 
Antimony, although considered a COPC, was reported 
sample and was not reported at a concentration above 
third, or fourth quarters of sampling. Arsenic was 
corresponding background reference coJnclmtrali~ 
events. However, the last two sampling events 
concentration and/or detection limit. A COlnp'3i 
of antimony and arsenic at nearby wells 
groundwater samples, and arsenic did 
detections were less than the maxinlUJI 

detecu!d in any 
Itl"llltiollL All arsenic 
mg/L at SWMU 97. 

torevie,~ 

it appears that the 
Discussions Me 

groundwater and how to 
submitted to the Project Team 

discnssed at a meeting with SCDHEC in June. 
At that 
further disl:usS 

of the memo was not complete and that 
was complete. 

sh!IIIo'w groundwater. The nature and extent should be 
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Response 25 

Draft Response TO comments from SCDHBC 
for Draft Zone B RCRA Facility Investigation Report 

ClIarleston Naval CCllqplex 

Arsenic was detected at concentrations exceeding its corresponding background reference 
concentration in the first two quarterly sampling events only. It did not exceed its reference 
concentration in the last two quarterly sampling events and did not exceed its any 
sampling event. Therefore it appears that the risk and hazard posed 
overestimated. Discussions are ongoing pertaining to the widespread 
in groundwater and how to interpret the significance of that data. 
submitted to the Project Team to review several months ago and it 
meeting with SCDBEC in June. At that meeting SCDBEC indicate 
was not complete and that further discussion should be 
complete. 

SWMUI02 
Comment 26 
Page 10.14-13. Line 11 states "Gasoline (TPH-GRO) was detected. 
collected in the effected well for petroleum constituents. 

Response 26 
TPH, as a single component, was not cOlllSi,delred 
analysis was used as a screening tool for sul~sequi 
not have an RBC value specifically assigned to 
organic compounds, commonly called 
evaluated when reviewing VOC and 
For Petroleum Releases document 
8; RBSLs for Ingestion or Dermal 
toxicity risk. to 
exceeding 

Corrective Action 
and SVOCs (Table 

in TPH which pose a 
lpolllmls were identified as 
calcnlating the BEQs, and 

as both a Human Health Risk 
soil. BEQs were identifted as needing further 

to the memorandum attached to the Zone 
Analytical Results for RFI Evaluation at 
of TPH and their subsequent evaluation 
report, therefore, no additional samples 

.1 ... ·-1 ... should be summarized in an isoconcentration map. 
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Response 27 

Draft Response To COIDIDS.ZIts frOllJ SCDBIlC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Caoqplex 

There appears to be a sufficient number of sample points at this particular site, therefore, 
isoconcentration maps for arsenic will be presented in the Final Zone E RFI Report. 

Comment 28 
The reason for the particular well locations is not clear. The current loci:ttio 
the area of mercury release. The Department recommends installation 

Response 28 
The Navy will collect additional soil samples at several locations 
These samples will be analyzed for the constituents which 

according to the Synthetic Precipitation Leaching Procedure 
Results will be reviewed and the need for additional monitoring 

Comment 29 
Page 10.14-20 states "the current soil-groundwater eqlrililtJriu 
The location of the well is not specific to the \ocatic 

recommends placing a well in the area of the maxinlU 

Response 29 
Please see response to Comment 28. 

site", 

support the statement, "the 
'-roltective of groundwater at the 

102CBOO4 and 102SB041 the same? 

collected from the 0- to I-foot interval at each location. 
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Draft Response To COIIIIII8llts frOllll SCD1I1fC 

for Draft Zone B RCRA Facility Investigatiou Report 
Cbarleston Naval Cc:>q>lex 

The investigation of Dry Dock #3 would benefit greatly through the collection of a sediment sample 
from the drain. The Navy should collect a sediment sample if possible. 

Response 32 
A representative sediment sample wiD be collected from the drain of Dry Dock #3, if 

Comment 33 
Section 10.15.3 states that existing grid wells NBCEGDE03D and 
than installing additional wells; however, no data from the wells exists 

Response 33 
Soil and groundwater analytical results which exhibited COElcelItrl 
concentrations, RBCs, and MCLs in these grid wells, are urlese'nte 
writeups in Section 10.50. Soil and groundwater results for 
Appendix H, part 1 of the draft report. The Final Zone E 
include the results for grid wells NBCEGDEOO3 and 03D 

Comment 34 
Aerial photographs reveal the existence of relict 
from the Cooper River to the southwest. The 
one well pair along the southwest border 
603SBOO3 supports a well in this area. 

Response 34 
Grid well 

at ~"v .. ra 

values at 

detected in 1 06SB003. The report states that 
groundwater samples, indicating that the current soil

protective of the surficial aquifer." The Department 
more than 200 feet from well NBCEI0601 and will not 

I1trr.p.nt therefore recommends the installation of an additional well 
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Response 35 

Draft Response TO Comments from Sc.DHBC 
for Draft Zone B RCRA 'acility Investigation Report 

Charleston Naval Complex 

The Navy will collect additional soil samples at several locations which exceeded generic SSLs. 
These samples will be analyzed for the constituents which exceeded their respective SSLs 

according to the Synthetic Precipitation Leaching Procedure (SPLP), and for TOC 
Results will be reviewed and additional monitoring wells will be installed in 
necessary. 

Comment 36 
Figure 10.15.6 did not include grid wells NBCEGDE03 and NB:CE~Gr: 

Response 36 
Figure 10.15.6 will be revised to include both grid well 
NBCEGDEOOlJOlD. These will be included in the Final Zone E 

AOC525 
Comment 37 
Manganese was detected above the residential RBC in 
should be evaluated. The RFl is therefore incomplete. 

Response 37 
While it's true that manganese was detected 
water RBC, this detection was well 
2,560 p.giL. 

samples collected from all four 
" The Department understands that Thallium 

E have shown Thallium concentrations 
Walter RBC of 2.9 p.giL. Discussions are ongoing 

, ulOr;garlics in groundwater and how to interpret the 
memo was submitted to the Project Team to review 

discussed at a meeting with SCDHEC in June. At that 
review of the memo was not complete and that further 

until that review was complete. 
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Draft Response ~ COIIIIIIaJlts frOllJ SCD1l1fC 
for Draft Zone B RCRa ,acility Investigation Report 

eberleston Naval Caqplex 

Comment 39 
The report states on page 10.21-3 that sample data from 531SBOOI will be incorporated in the AOC 
530 investigation "due to their close proximity" with AOC 531. Figures should be revised 
the location of 531SBOO1. 

Response 39 
Figures in Section 10.21 will be revised to include soil boring 
RFI Report. 

AOC531 
Comment 40 
The report states on page 10.22-3 that sample data from 530SBOO6 
investigation "due to their close proximity" with AOC 530. Figures 
location of 530SBOO6. 

Response 40 
Figures in Section 10.22 will be revised to include 
RFIReport. 

Comment 41 
The report notes that "a 1986 UST Regjstn 
fuel oil tank". Has the UST and ass(xialte 
be indicated on the figure. 

of a 20,OOO-gallon 
of the UST should 

emovl~ prior to and during the 
will be researched and verified and 

RFIReport. 

The sec'ond IU.",;~-.;J make reference to Aoe 530 instead of AOC 531. 

provided in the Final Zone E RFI Report. 
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AOC538/539 
Comment 43 

Draft Response To Comments from SCDBBC 
for Draft ZODe B RCRA Pacility Investigation Report 

Charleston Naval Complex 

The first paragraph on page 10.23-1 makes note of a "quench oil tank". Please describe the tank and 
its' function (ie., size, capacity, leak detection system). The sampling parameters should be 
evaluated to detennine if they can detect a release from the tank. 

Response 43 
The dimensions of the tank are not known but it was used a dip tank for cooling hot steel and 
it did not have a leak detection system. Sample locations were placed in areas surrounding the 
tank. The analytical parameters for samples at this site included VOCs and SVOCs, which 
would have detected a wide range of materials stored, including petroleum-based oils. 

Comment 44 
Line 19 on page 10.23-10 states "One shallow well proposed for AOC 538 was identified as an AOC 
542 monitoring well (NBCE542002)" and was therefore not included in this section. The 
Department does not agree with this exclusion. Please include the information from well 
NBCE542002 in the revisions and also include the location on the site map. 

Response 44 
Analytical results from this well were taken into consideration when evaluating the nature and -
extent of constituents at AOC 538. The analytical results from well NBCES42002, along with 
its location will be provided in this section of the Final Zone E RFI Report. 

Comment 45 
During a site visit on May 13, 1999, Department personnel noted the existence of a monitoring well 
in the area east of AOC 538. The Department recognizes the benefits to data collected in this area 
and the absence of such in this RFI section. Please include the data from this well and locate the 
well on Figure 10.23.2. 

Response 45 
This is the same monitoring well (NBCE542002) referred to in Comment 44. Please see the 
response to Comment 44. 

AOC550 
Comment 46 
Section 10.24.3 notes that one well was omitted from installation "due to the close proximity of the 
grid-based deep and shallow well pair". The Department agrees with these revisions; however, the 
report does not include data from the grid-based shallow well (NBCEGDE022). 
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Response 46 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

Analytical results from this shallow well were taken into consideration when evaluating the 
nature and extent of constituents at AOC 550. The analytical results from well NBCEGDE022, 
along with its location, will be provided in this section of the Final Zone E RFI Report. 

AOC551 
Comment 47 
Grid wells around AOC 551 have revealed elevated levels for tetrachloroethene, chlorobenzene, 
dichloroethylene, and trichloroethene in past sampling events. This data should be included in the 
RFI report. Also, the local groundwater flow regime has not been fully represented. The 
Department recommends collection of a minimum of four consecutive quarters of groundwater data 
and the production of associated flow maps. The Navy has not successfully delineated the nature and 
extent of the contamination at the area. 

Response 47 
Grid well NBCEGDEI7D indicated detectable concentrations of several of the constituents 
mentioned, however, these constituents did not exceed their respective MCLs in groundwater 
samples collected at AOC 551. The Navy has delineated the nature of contamination in this 
area, however, in order to defme the extent of contamination, the installation of several 
additional monitoring wells to the north and west of AOC 551 and grid well NBCEGDEI7D 
may be required. These particular constituents have been identified at elevated concentrations 
at several sites and in grid wells throughout the northern portion of Zone E. Analytical results 
from this area will be evaluated and additional well locations .determined. Please refer to 
responses to comments 2 and 16, regarding groundwater flow maps. Also, please refer to 
Appendix H, part 1 for summarized results of each quarterly sampling event. 

AOC555 
Comment 48 
Sediment samples from the Cooper River revealed eight metals above their sediment screening 
values. Additional samples should be collected to confirm the presence or absence of these metals. 

Response 48 
The intent was to sample point sources to determine the presence of contaminants. These 
results will be addressed in the Zone J RFI for evaluation of the overall significance. 
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AOC 559/560/561 
Comment 49 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

The amount of contaminant detections in this area are overwhelming and should be summarized in 
map form with isoconcentration maps. 

Response 49 
Isoconcentration maps will be included in the Final Zone E RFI Report. 

Comment 50 
Data presented in the report indicates the need for additional wells to fully characterize the nature 
and extent of contamination. One area in particular is between building 391 and 32. 

Response 50 
Grid weD pair NBCEGDE014/14D is located in the area between Buildings 391 and 32. 
Analytical results from this well pair will be included in this section of the Final Zone E RFI 
Report. 

Comment 51 
Page 10.29-24, the third paragraph states "No MCL has been established for chlorobenzene". The 
Department has informed the Navy in previous reviews that an MeL of 100 ug/L has been 
established for Monochlorobenzene. The report should be revised to reflect the proper information. 

ResponseS1 
The Final Zone E RFI Report will be revised to reflect this information. 

Comment 52 
The last sentence in the second paragraph on page 10.29-30 lists the organics that are commonly 
found in dielectric fluid. The paragraph should be revised to include N-nitroso-methylethylamine. 
This compound may be used in condensers to increase dielectric constant. 

Response 52 
The sentence refers only to these orgauics detected in shallow groundwater which are also 
commonly found in dielectric fluid. It is not a list of aD organics commonly found in dielectric 
fluid, only those detected in shaDow groundwater at the site. N·Nitroso·methylethylamine was 
detected in soil at the site, but not in shallow groundwater. 
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Comment 53 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

Section 10.29.8.2 COPC Identification should be revised to include the following compounds as 
COPCs: Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(a)pyrene, Dibenz(a,h)anthracene, and 
Indeno( 1 ,2,3-cd)pyrene. 

Response 53 
Because these are polynuclear aromatic hydrocarbons (PAils), they are included in the COPC 
list as benzo(a)pyrene equivalents (BEQs), a sum ofPAHs detected in the samples. 

AOC563 
Comment 54 
Trichloroethene in shallow groundwater at AOC 563 has not been fully delineated both horizontally 
or vertically. Additional groundwater samples should be proposed. 

Response 54 
The Navy recognizes the TCE problem in shallow groundwater at this site. However, 
analytical results for shallow monitoring wells to the west at AOes 569 and 570 do not indicate 
significant concentrations of TCE. Also, results from shallow wells to the south at AOes 572 
and 573 and from wells to the east at SWMUs 83, 84 and AOC 574 do not indicate elevated 
concentrations of TCE. Elevated concentrations of TCE have been detected in deep 
groundwater to the west at AOC 570 (NBCE57003D), consistently exceeding its MCL, but as 
previously mentioned, this particular constituent has been identified at elevated concentrations 
at several sites and in deep grid wells throughout the northern portion of Zone E. Analytical 
results from this area will be evaluated and the Navy will discuss additional well locations with 
the Project Team. 

Comment 55 
The first sentence in the third paragraph on page 10.31-18 should be revised. 1,2-Dichloroethene 
(total) was also detected in shallow groundwater at a concentration exceeding its corresponding tap 
waterRBC. 

Response 55 
This sentence will be revised to include 1,2-Dichloroethene in the Final Zone E RFI Report. 

AOC566 
Comment 56 
Thallium was detected in the fourth quarter groundwater sample collected from well NBCE566001 
at a concentration of 5.8 ug/L, which is above its MCL of 2 ug/L. The Department therefore 
recommends adding thallium to the list of contaminants of concern for the shallow well. 
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Response 56 

Draft Response To Comments from SCDBBC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval C~lex 

A significant number of wells throughout Zone E have shown Thallium concentrations 
exceeding its MCL of 2 pg/L and its Tap Water RBC of 2.9 pg/L. Discussions are 
pertaining to the widespread presence of inorganics in groundwater and how to 
significance of that data. A technical memo was submitted to the 
several months ago and it was briefly discussed at a meeting with 
meeting SCDDEC indicated their review of the memo was not 
discussion should be deferred until that review was complete. 
will be evaluated and the Navy will discuss additional welliocatic 

AOC 569/570/578 
Comment 57 
The data presented in this section should be presented in an isclColnc~ 
possible. At this time, the Department is unable to determine 
fully characterized. 

Response 57 
Isoconcentration maps will be provided in the 

Comment 58 
The Department recommends the install2 
the existing well network in an effort to 

Response 

from areas around 

of the site and indicated no 
ldclliti'[)DlIl monitoring wells will be placed to the 

determine the extent of contaminants. 

aluminum concentration in the sample from 
particles affected the analytical results". The Navy 

versus non-filtered in an attempt to validate this 

of inorganics in groundwater, the Navy will continue to 
flow" method, which appears to have eliminated the need for 
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Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

filtered samples. Samples are also being analyzed for TSS. If turbidity appears to persist, 
samples will be filtered. 

AOC573 
Comment 60 
Information contained in the Zone E RFI Presubmittal review for AOe 573 states that the site has 
been recommended for interim measures for the removal of sediment from the catch basins based 
on results of the sediment samples. If the sediment removal has been performed, confirmatory 
samples should be collected and reported to evaluate post-interim measure conditions and 
understanding residual contamination, if any, left in place. 

Response 60 
The catch basin was cleaned during interim measures conducted by the Environmental 
Detachment Charleston. Cleaning removed all sediment from the catch basin, therefore, there 
is nothing left to sample for comnmation. Details of the cleaning can be found in the Qosure 
Report for AOC 699 Storm Drain Cleaning prepared on March 8, 1999. These results will be 
summarized in the Final Zone E RFI Report. 

AOC576 
Comment 61 
Organic compounds detected in first quarter groundwater samples from the deep well include 
1,2-Dichloroethene (total). This compound may be a degradation product of trichloroethylene or 
tetrachloroethane. This RFI has not defined the horizontal or vertical extent of this contaminant. 
It has also failed to reveal the source. 

Response 61 
1,2-Dichloroethene was detected in monitoring well NBCE57602D. However, concentrations 
were below its RBC and MCL and the detection was not confirmed by nearby grid well 

NBCEGDE13D. Based on review of data from surrounding deep monitoring wells, the Navy 
feels it has delineated the extent of DCE contamination in this area. TCE and PCE have been 
identified in elevated concentrations in deep groundwater at several sites and grid wells 
throughout the northern portion of Zone E, therefore, DCE could very well be from the 
degradation of TCE and/or PCE. Due to the high number of potential point sources close to 
one another, contribution of contaminants may not be site-attributable. Analytical results 
from this area will be evaluated and the Navy will discuss additional well locations with the 
Project Team. 

Comment 62 

29 



Draft Response To Comments from SCD11EC 

for Draft ZOlle If RCBA Facility Investigation Report .... ". 
CharlastOll Naval Complex 

Organic compounds detected in fIrst quarter groundwater samples from the shallow wells include 
pentachlorophenol above the MeL Pentachlorophenol is a compound that is commonly used in the 
manufacturing of insecticides, algicides, herbicides, fungicides, and bactericides; wood 
preservatives .. Soil data does not include pentachlorophenol or The 
Department recommends the collection of additional soil samples to include these 

Response 62 
Soil samples collected from soil borings installed at the locations of 
were analyzed for SVOCs, and thus would have 
bromodichloromethane had they been detected. There were no 
compounds in soil. 

AOC580 
Comment 63 
Figure 10..40.6 which illustrates the distribution of lead in surface 
isoconcentration map to better understand the distribution of 
Department is unable to determine if the extent of cOIltarni~ 

Response 63 
An isoconcentration map will be provided for 
RFIReport. 

AOC583 

interval in addition to 

to include the above. 

0ID1Daired to RBCs, but instead were compared to soil 
protection. Based on the comparisous to SSLs, BEQs, 

~~ed their respective SSLs, as stated in the text on page 
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Comment 65 

Drrift Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Repot1 

Charleston Naval Complex 

The report should provide the exact locations of all USTs on the site and update the site map. 

Response 65 
An attempt will be made to identify the exact locations of the USTs and figures will 
for AOC 583 to include these locations in the Final Zone E RFI ReIlo~ 

AOC59O 
Comment 66 
Five soil samples were submitted to be analyzed for TPH due to 
petroleum odor in samples. The Navy reported levels ofTPH-gasoline 
soil sample. Additional sampling should be conducted to identify the 

Response 66 
TPH, as a single component, was not considered a COPC for two 
was nsed as a screening tool for subsequent specific analysis; 
an RBC value specifically assigned to it. But because 
compounds, commonly called surrogate cOlnp,oUl~ds 
when reviewing VOC and SVOC data. The 
Petrolewn Releases docwnent (June 1995) has 
RBSLs for Ingestion or Dermal Contact 
toxicity risk. Specifically to Section ~ v •. "., 

pose a 
identified as 

the BEQs, and 
Human Health Risk 

exceeding their respective RBC values. 
going through the toxicity ass'ess.nellt, 
COPC and as a COC at AOC 590 for 

oftheCMS 
as needing further 

attached to the Zone 
.esll.lts for RFI Evaluation at 

CNC." 
of them 
will be 
Comment 67 

their subsequent evaluation 
RFI report, therefore, no additional _pIes 

should be delineated further in attempt to 

to the north, south, and west of soil boring 5908BOO6 
to the east has been defined by soil boring 5908B002 
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Comment 68 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility lnvestigatfun Report 

Charleston Naval Complex 

Table 10.45.6.2 shows arsenic and BEQ equivalent compounds contributing to risk and hazard for 
AOC 596 surface soil, with the highest concentrations of BEQ equivalents reported in surface soil 
samples 5%SBOO6 and 596SB013. This area of AOC 5% is absent of both grid wells and site wells. 
The Department recommends the installation of an additional well to clarify the presence or absence 
of contaminants if the groundwater. Soil samples should also be collected during well installation. 
The Department therefore considers the RFI incomplete for AOC 596. 

Response 68 
Monitoring wells NBCE596001/01D were installed less than 100 feet from these soil borings. 
However, piezometric maps indicate that groundwater flows more northward, rather than 

directly toward the well pair. The concentrations of arsenic and BEQs do appear to be 
significant in soil at these locations, therefore, an additional deep and shallow well pair will 
be installed in the location of soil boring 5965B013. 

Comment 69 
The report indicates that only one round of groundwater data was collected for this site. The 
Department recommends that the Navy collect additional rounds of groundwater samples. 

Response 69 
Four rounds of groundwater sampling were conducted and will be presented in the Ymal Zone 
E RF1 Report. Please see the response to Comment 4. 

Appendix H (part 1) 
Groundwater-Summary Table 

Comment 70 
The data is missing for AOC 559, AOC 560 and AOC 56l. Please include the data in the revised 
report. 
Response 70 
Groundwater summary tables for AOCs 559, 560, and 561 will be included in the Final Zone E 
RFIReport. 

Comment 71 
The summary table should be revised to include an MCL of 100 ugll for chlorobenzene. 
Sample 172GWOOI from SWMU 172 reported a value above the MCL. 

Response 71 
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Draft Response To COIIIIIISllts from SCDllBC 
for Draft Zone B RCBA Facility Investigation Report 

Charleston Naval Complex 

Sununary tables will be revised to include an MCL of 100 p.g!L for chlorobenzene in the Final 
Zone E RFI Report. 

Comment 72 
VOCs were not sampled for rounds 2, 3 or 4 in AOC 530 (53OGWOOl). 

Response 72 
Results for VOCs was obviously omitted in the groundwater 
These samples were analyzed for VOCs during the 2nd

, 3rd, and 
this data will be included in the Final Zone E RFI Report. 

Comment 73 
Semi-volatiles were not sampled for rounds 2, 3 or 4 in AOC 538 
Please explain. 

Response 73 
Groundwater samples were analyzed for SVOCS in 
3rd and 4th rounds of sampling. Additional saJlnples 
and these results will be included in the Final 

Comment 74 
The MCL for bis(2-Ethylhexl)phthlate 

6 p.g!L. 
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Responses To Comments from Susan K. Byrd - SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

General Comments 

Comment 1 
Section 6.2.1. Page 6-18, Line 6: The text states that the greater of the 
for surface soil and subsurface soil was used as the screening alte:ma 
Using the higbest background reference value does not seem to 

background comparison. An explanation should be given to support 
background value is always relevant. Also, the approach of cOlnp.llirlg 
soils is not supported due to the influence to "naturally occurring" 
activities such as land covering with dredge materials. To resolve 
compare surface soil background levels solely to surface soil 
background levels to subsurface samples. 

Response 1 
The text will be modified to clarify that only SSLs 
screening. Because the water infiltrating thr'OUI~ 
to background concentrations of soil cOllstituel 
concentration for fate and transport 
subsurface soil values. The surficial 
extremely heterogeneous composite of 
would not be feasible to aC.'IIr..to.llv 

.ghl~Ut Zone E is an 
fill materials. It 

deliennill,e background 

that fIrst round groundwater data were used 
~ qu.arn:r1y groundwater results were reviewed 
llSWLClS, and conclusions and recommendations. 

confIrm the presence of constituents where 
imlJact the recommendation for the site, it is not discussed 

unclear in how the additional data was utilized, and 
to have information regarding groundwater concentration 

rounds whether the data impacts the recommendations for 
trations in the subsequent sampling could potentially effect the risk 

.JJ<llJUII is important before making risk management decisions. 
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Response 2 

Draft Response To COIIIIII8l2tS frcmJ SCDIlBC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Coa;>lex 

Please see Appendix H, part 1 of the Draft Zone E RFI Report, which provides summary tables 
for all quarterly groundwater sampling events. Analytical sununary tables which provide aU 
detections above MCLs for all groundwater quarterly sampling events are also 
Appendix K. All rounds of groundwater data will be included in Appendix H, 
Final Zone E RFI Report. 

Comment 3 
Each unit evaluation in Section 10 has a table that shows the number 
The table only shows a comparison to industrial RBCs. Since the 
residential RBCs, they should be included in the tables. Also SSL's 
for comparison to the lower-interval soils. 

Response 3 
The Project Team which includes the EPA, SCDHEC and the 
RBCs would be used for risk and hazard screening in 
industrial and residential RBCs were used in the risk 
worker and residential scenarios. The fate and tnilDSo. 
to SSLs. The comparisons to residential RBCs 
specific risk assessments, and the SSL cOllnp~lris, 
transport sununary tables in each section. 
appropriate sections for comparisons to 

Comment 4 
SCDHEC ack.Jn2wled~~es 
the departnle 

Iwe'ver. as stated in the text, 
lE-06 in both residential and 

may require corrective action. 
by site basis. 

~n:ari.l~ are presented in the Draft Zone E 
risk of lE-06 were used to determine if a site 

The text states that results for upper-interval samples were 
screening values in the USEP A Region ill RBC table. The 

the more conservative residential soil ingestion screening values. A 
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Draft Respouse ~ Comments from SCDHBC 
for Draft Zone B RCRA Facility Investigation Report 

Cbarlesto.a Naval Caq>lex 

discussion of this comparison should be included in the Corrective Measures Considerations section 
of each unit or combined unit summary in Section 10. 

ResponseS 
Please see the response to General Comments #3 and #4. 

Comment 6 
Section 7.2.3, Page 7-25. Line 22: The text states that because Zone E is 
Realignment Act, future site use cannot be assumed with any,,,,,tai,,n 
many of the statements throughout Section 10 that emphasize that the 
and residential use is not expected. 

Response 6 
The text will be modified to read "because Zone E is part 
assumed with absolute certainty; however, the Project Team 
decision that future use of all Zone E sites will be imlus;tri:al 

Comment 7 
Section 7.2.6, Page 7-25. Lines 21-25: The text 
not included in the cm calculation data. 
recommends alternative measures when tox,c1.t· 
should be implemented in order to prevent 

im:ati ,re measure 

Response 7 
Thecommentrefe~ncl~ 
beref'en;n. 
Report, 
toxicity 
exhausting 
complete a 
additional source!! 

this comment seems to 
Section 7 of the Zone A RFI 

to compile a list of quantitative 
E media: IRIS, BEAST, and ATSDR. After 
"on1cluiiled that there was not enough data to 

JleliniClills. The Navy will gladly review any 
which EPA or SCDBEC have access. 

contaminant levels above industrial RBCs but below 
, Page 5-18, it states that if background risk might be of 

separate from site-related risk. Samples above RBCs but below 
risk at the Navy Base; therefore, a background risk assessment 
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Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA FaciJiJy Investigation Report 

Charleston Naval Complex 

ResponseS 
In this comment, SCDHEC seems to be indicating that a background risk assessment would 
be useful for making risk management decisions at the CNC. It would be in the 
Team's best interest to outline the goals and details prior to conducting a ba,~k~:rol 
assessment. 

Comment 9 
A DAF value of 10 was applied to generic SSls throughout Zone E. 
for the justification of the DAF value used; however, a more thC)ro1Uj 
DAF value of 10 was selected, inclucling site specific parameter, 
A table showing the comparative site specific values should be 

Response 9 
The comment does not reference a specific section of the report. 
6.2.1 present a general discussion of the use of a DAF of 
6.3 for a comparison of site-specific conditions to fate 
Item 4 of Section 6.3 is a detailed discussion of Zone 
DAFs for 20 sites, with values ranging from 14 to 

only for dilution and ignore attenuation efliectl 
considered extremely couservative. 

site 
threat" 

the text inclicate that 
OUUl"'l River). The term "no 

mI)liDlg at the site can give an 
, the actual threat to human and 

If contamination is not detected in a round of 
no threat. A threat could potentially be present 

The term "no threat" should be moclified or 

the text in the Final Zone E RFI Report. 
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Draft Response To Comments from SCDBBC 
for Draft Zone E RCBA Facility Investigation Report 

Charleston Naval Ccaplex 

Specific Comments 

Commentl 
Section 7.2.1. Page 7-4. lines 15 and 16: The text states that the lesser of the two values 
J) was used as the best estimate of the concentration that was potentially below the 
quantitation limit. Thereafter of the two values would be a more cOJlselrvati~ 
used. 

Response 1 
Because of the large difference between SQLs ("U" flagged 
("J" flagged) values, using one-half the reported SQL value as 
coustituent would yield an unrealistically high result. In reality, 
lower than the SQLs are detected and reported as J-flagged 
lowest J-flagged value as an estimate for a nondetect provides a 

Comment 2 
Section 7.3, Page 7-49, Lines 4-12: The text states that 
IllIRAs. A detailed explanation should be given as to 
IllIRAs while all others were evaluated using the 

Response 2 
These three sites required full HHRAs 
evaluation of surface (land) coverage. 
covered by either asphalt or concrete. 
the specific land cover for each AOC 
coverage. 

determined by 
which were not 

detailed photos of 
potential based on 

based on numerous factors such as tidal flow, 
will be used to assess near shore ecological 

is confusing, and it is unclear as to why 
E coast. A more thorough explanation of this 

revised to state that due to the coustant and dynamic flux 
coastline, both the maximum and mean concentration of each 

samples will be used as the concentration representative 
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Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

of Zone E nearshore sediments. While this isn't necessarily the conservative approach for snch 
a preliminary assessment, it results in an overestimation of risk. 

Comment 4 
Figure 8.3. Page 8-8: The note at the bottom of the page indicates what all symbols represent except 
for the shaded circles. An explanation of the meaning of the circle symbol should be provided. 

Response 4 
The figure's legend will be revised to include the representation of all symbols. 

CommentS 
Section 10.1.7. Page 1OJ-l00. Lines 8 and 9: The text refers to an interim action removal at 
SWMUs 5, 18, and AOC 605 that has eliminated the associated risk. No information was provided 
to support this assumption. More detail should be given regarding post removal contaminant levels 
or confirmation sampling. Based on remaining levels of contaminants, it may be necessary to 
conduct a post removal risk assessment. 

ResponseS 
The risk assessment for this site was based on data collected prior to an 1M conducted by the 
Detachment. Section 10.1.7, page 10.1-100, lines 8 and 9 will be changed to read ''The Navy 
conducted an interim action which resulted in the excavation and otTsite disposal of the upper 
and lower soil interval." The 1M Report will be reviewed and a determination will be made 
as to whether a separate risk assessment will be conducted for this site uSing post 1M sample 
results. 

Comment 6 
Section 10.2.9, Page 10.2-84. Line 17: The text states "corrective measures from may be 
appropriate." It appears that a word or words are missing from the text; therefore the statement 
should be revised. 

Response 6 
An editorial change will be made and the word ''from'' will be eliminated from the text. 

Comment 7 
Section 10.3.11. Page 10.3-33. Lines 22-24 and Section 10.3.11. Page 10.3-43. Lines 1-4: The text 
states that the generic SSL for hexavalent chromium was not applied to chromium. The reason was 
that hexachrome was not detected in the only sample at combined SWMU 22 with hexachrome 
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Draft Response To CommeDts from SCDSBC 
for Draft Zone B RCRA Facility Investigation Report 

Cbarleston Naval Complex 

analysis and hexachrome as detected in only four of 59 surface soil samples from Zone E. According 
to the text, only one sample was analyzed for hexachrome at combined SWMU 22; therefore, it is 
not conservative to assume that hexachrome is not present at other locations within combined 
SWMU 22. Additional analysis ofhexachrome should be collected at combined SWMU 
this assumption can be made. 

Response 7 
Combined SWMU 22 samples wiD be screened assuming the nr"QPI 

CommentS 
Section 10.6.11. Page 10.6-74. Lines 17-20: The text refers to dieldrin, 
to the risk estimates above lE-06; however, the text also states no 
for soil, since the risk estimate is above IE-06, a more thorough 
defend the recommendation of no further action. Potential altt:rn:iti~ 
be included in Table 10.6.11.1. 

ResponseS 
Under the industrial scenario only two points 
SCDHEC recommends for triggering CMS. 
twelve points marginally exceeded the lE·06 
residential scenarios, point risks feD within 
based on the fact that all points are 
exposure potential at this site is 
appropriate designation for soil at 
Zone E RFI Report 

concrete cap, 
that NF A is the 

due to the site being capped with concrete and 
be revised to state current risk and current 
future use of the base is known; therefore, 

~1I1'JlC;U due to the site being capped. 

risk and current direct exposure are diminished 
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Draft Res,PQnse To COIIIIIIeJlts from SCDBIIC 
for Draft zone B RCRA Facility Investigation Report 

Charleston Naval Caqplex 

Table 10.9.7.1. Page 10.9-12: Sediment samples at SWMU 81 detected contamination of arsenic and 
copper above their respective SSVs. Therefore, potential corrective measures or interim measures 
should be listed in the table. 

Response 10 
NF A will be removed from Section 11. Data will be considered as 
Report. 

Comment 11 
Section 10.11.11. Page 10.11-53, Lines 10-15: The soil pathway 
to 2E-04. This range is above DHEC's more conservative risk 
measures besides no further action should be listed for soil due to the 
10.11.11.1 should also be modified. 

Response 11 
The fmal Zone E RFI Report will recommend SWMU 87, 
Section 10.11.11 of the Draft Zone E RFI Report 

surface soil was recommended for CMS in Section 
text in Section 10.11.11 and Table 10.11.11.1 will 

measures should be 

!rnm~1v recommended NF A; however, surface 
Draft Zone E RFI Report. The text in 

text states "the upper and soil intervals". The term 

read "upper and lower soil intervals". 
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Draft Response To Comments from SCDSEC 
for Draft Zone B RCRA Facility Investigation Report", 

Charleston Naval Complex 

Comment 14 
Section 10.24.5.2, Page 10.24-14, Lines 19 and 20: The text states that relatively high 
concentrations were detected in groundwater samples at SWMU 65, but were determined 
a threat to surface water in the Cooper River. Justification should be 
contamination is not impacting the Cooper River. 

Response 14 
The text will be revised to read "relatively high arsenic COllcel~tn 
groundwater samples at nearby SWMU 65, but were de1tel"lrniJled 
surface water in the Cooper River." Please refer to Section .m."'"'' 
groundwater concentration does not exceed the Adjusted Ecc)/H 
arsenic. 

assessment was not conducted since only sediment 
included regarding the potential for human contact 

Response 15 
Text will be added stating ''Potential for 
Cooper River is highly unlikely." 

~iimeillt from the 

unlikely that constituents in 
wmlent since the ground surface is 

contamination could have historically influenced 
be added to clarify when the pavement was 

occurred. 

cc."rr.id in 1989 and the site was paved prior to 1989." 

-,-",~-=-The term "arsenic" should be replace with "acetone". 
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for Draft ZOJle B RCRA Facility Investigation Report 

Charleston Naval C~lex 

The text will revised to read ''The detected concentration did not exceed the acetone industrial 
soil RBC." 



Responses To Comments from DynamacJGannett Fleming 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

General Comments 

Commentl 
The Zone E RFI Report does not include significant portions of the infonnation relevant to the 
investigation of Zone E and to the preparation of the mIRA and ERA. The missing infonnation 
includes data on the characteristics affecting the fate and transport for various groups of chemicals. 
Instead, the Zone E RFI Report states that this infonnation is available in the Zone A RFI Report. 
Given the size and complexity of the respective RFI reports, referring the reader from the Zone E 
RFI Report to the Zone A RFI Report to obtain information needed for interpretation of the Zone E 
RFI is unnecessarily cumbersome. The Zone E RFI Report should include all infonnation relevant 
to the Zone E mIRA and ERA. 

Response 1 
Reduced versions of Sections 7 and 8 in the Draft Zone E Report is consistent with the desire 
of the Project Team and was done in order to cut down the amount of repetitive information 
provided in the series of reports for each zone. 

Comment 2 
The mIRA does not include an assessment of the exposure pathways for contact with subsurface 
soil. At many of the SWMUs or AOes, contaminants have been identified in subsurface soil that 
exceed screening criteria. The exposure scenarios should be expanded, where applicable, to consider 
the potential for construction workers, utility workers, and other to come into contact with 
contaminants in subsurface soil. 

Response 2 
The IllIRA concluded that direct exposure to subsurface soil was an unlikely pathway. Future 
construction events are not expected to penetrate the 3 to 5 foot soil interval, mainly due to the 
shallow water table. Instances where construction or maintenance activities would penetrate 
the 3 to 5 foot interval are likely to be very short in duration. Subsurface soil was considered 
in the fate and transport section that evaluated indirect exposure pathways through soil to 
groundwater migration (SSLs) with discharge to the Cooper River. 

Comment 3 
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Draft Respozlse To COIIIIII8JZts from SCDlIBC 
for Draft Zone B RCRA ,acility Investigation Report 

Cbarleston Naval COIIIPle.x 

The ERA for Zone E was limited to a preliminary assessment of offshore sediment and surface water 
adjacent to Zone E. Impacts of surface water contaminants on ecological receptors and on the fate 
and transport of contaminated catch-basin sediments were not evaluated in the Zone E RFI, but will 
be addressed in the Zone J and Zone L RFI Reports. A thorough evaluation of the ecological risk 
associated with Zone E cannot be done until all Zone E data are assimilated with data from the Zone 
J and Zone L RFI Reports. 

Response 3 
The intent was only to determine the presence of contaminants in Zones E and L. Data from 
the Zone E RFI and Zone L RFI will be assimilated in the Final Zone J RFI. 

Comment 4 
For many of the sites, compounds identified as COCs in the Corrective Measures Considerations 
section for each site (Section 10) do not match the list of compounds selected as COCs in the 
Potential Corrective Measures Table for a particular site. For example, for the combined site, 
SWMUs 5 and 18 and AOC 605 (page 10.1-100), zinc was identified as a COC in the upper soil 
interval. However, zinc is not listed in the Potential Corrective Measures Table for that site (Table 
10.1.7.1, page 10.1-101). Also, antimony was identified in the text (page 10.1-101) as a COC in 
shallow groundwater, but was not included in the Potential Corrective Measures Table. The 
conclusions in the text and tables for each site must be in agreement. 

Response 4 
These inconsistencies will be addressed, and revisions will be included in the Final Zone E RFI 
Report. 

CommentS 
The process that was used to identify the chemicals that are driving the risk in each affected medium 
at each site were not adequately described in Section 10. Chemicals identified as COCs for each site 
in Chapter 10 do not match the risk drivers identified for each site in Section 11. At some point in 
the selection process, chemicals referred to as "COCs" were called "risk-driving chemicals" in the 
Section 10 site discussions. It appears that several steps were omitted from this RFI report in the 
discussion of the chemical selection process. An explanation should be provided in this RFI report 
as to how the information provided in the Corrective Measures Consideration section for each site 
in Section 10 was used to derive the conclusions presented for each site in Section 11. All steps of 
the chemical selection process, including why certain chemicals qualified as risk-drivers and others 
did not, must be clearly explained in the Zone E RFI Report. 

ResponseS 
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Draft Response To Comments from SCDHBC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Complex 

Site-specific Corrective Measures Considerations (Section 10) were based on chemicals driving 
risk and hazard in an industrial reuse scenario, where as reconunendations and conclusions 
in Section 11 were based on a residential reuse scenario. This may help explain the difference 
in the specific chemicals listed in each section. Nonetheless, the process of selecting will 
be reviewed and clarified (indnstrial vs. residential; lE·06 vs lE-04; surface cover; 
Final Zone E RF1 Report. Section 11 will be revised to be based on 

Conunent6 
The uncertainty section of the HHRA for each site focuses on 
assumptions that tend to overestimate exposure. little or no discm.siclfll 
could result in an underestimation of risk was provided. For example, 
information concerning the effects of chemical interactions could 
The uncertainty section of the HHRA for each site should be eXl~an:dec 
toxicity- and risk-characterization uncertainties, as well as general 
potential effects on the magnitude of estimated risks. 

Response 6 
In the Final Zone E RF1 Report, the risk ass<essI 
discussions of the potential for underestimating 
regarding the lack of toxicity values. Section 7 
associated with the lack of toxicity values. 

Conunent7 
In the Conclusions and Preliminary 
Hazard-based Table should 

a Summary of Risk and 
The table should include 

emicals were retained as COCs 

are provided in the site·specific risk 
lern~caJs were evaluated and their overall 
site-specific risk summaries (at the end of 

eXIII311atiion as to why certain chemicals were 
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CommentS 

Draft: Response !I'o COIIIIIIeJlt:s from BCDlIBC 
for Draft: zone B RCRA 'acilit:y Invest:igat:ion Report: 

Charlest:on Naval Cc:uqplex 

Dust was not included as a potential exposure pathway for inorganics in the HHRA. Inhalation of 
chemicals entrained in fugitive dust can be a potential exposure pathway in the transport of 
inorganics such as arsenic and beryllium. The uncertainty section of the HHRA should . 
discussion of fugitive dust as a potential exposure pathway for inorganics. 

ResponseS 
The soil-to-air pathway was concluded to be insignificant in the 
due to the fact that nearly all of Zone E is either paved or cmler.ed 

Comment 9 
The acronyms, "HQ" and "HI" are used interchangeably and often 
and tables. "HQ" (Hazard Quotient) refers to hazards from exposure to a 
(Hazard Index) refers to the sum of the HQ values. The terms shoulcJ. 
the document. 

Response 9 
The Navy does understand the difference between 
use them in their proper context. It is possible 
switched on occasion. The Final Zone E RFI 
for the appropriate use of these acronyms. 

Comment 10 
Soil screening levels (SSLs) were not 
text when to the CO~lceI 
contrast, the 

value. 

consistently cited in the 
er-lintc~rval soil samples. In 
each COPe in the tables and 

Fate and Transport Summary text and 
refenm to in the nature and extent text if detected 

exceeded their respective SSLs. Nature and extent 
in the Final Zone E RFI Report. 
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Comment 11 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

The statement that no chemicals exceeded a particular screening value (i.e. A WRCL, RBC, RC), 
used throughout the document, is misleading. The statement implies that no chemicals were 
potential risks. It does not account for those chemicals that lack screening values but may pose 
potential risks. The text should be revised to specify those chemicals with a particular group (VOCs, 
SVOCs, inorganics) that have screening values, and those that do not. In addition, the uncertainty 
section of the IllIRA should include a brief discussion of the potential underestimation of risk from 
COPes that were eliminated from further consideration because they lack screening values. The 
uncertainties associated with eliminating a chemical as a COC from a specific site because it lacks 
screening values should be discussed for each site. 

Response 11 
In the Final Zone E RFI Report, the risk assessment uncertainty sections will include 
discussions of the potential for underestimating risk. A site-specific discnssion will be added 
regarding the lack of toxicity values. Section 7 provides a general discnssion of the uncertainty 
associated with the lack of toxicity values. 

Comment 12 
The Zone E RFI Report makes repeated references to Appendix IX analytical parameters. Appendix 
IX was not located in any of the volumes for Zone E. All appendices for Zone E have alphabetical 
designations. The text should be corrected. 

Response 12 
The term "Appendix IX" refers to a specific expanded list of analytical parameters found in 
Appendix IX of 40 CFR, part 264. In accordance with the Comprehensive Sampling and 
Analysis Plan (CSAP), samples were analyzed for the Appendix IX list of parameters at a 
frequency of 10 percent of the total number of samples. 

Specific Comments 

Comment 1 
All Tables: Many of the tables did not have page numbers, so that comparing information presented 
in the tables and text was often time-consuming, particularly when a table was comprised of 
numerous pages. It would be helpful if the tables were assigned page numbers to expedite 
comparison of information presented in the text and tables. 

Response 1 
Tables will be assigned page numbers in the Final Zone E RFI Report. 
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Comment 2 

Draft Respease ~ Comments from SCDHBC 
for Draft Zone B RCBA Facility Investigation Report 

Charleston Naval C~lex 

All Tables: Throughout the document, the abbreviations, "NA" and "ND" are not always defined in 
the tables. All abbreviations should be defined in footnotes to the tables. 

Response 2 
Tables will be revised to include all abbreviations 

Comment 3 
Section 6.2 .. 2. Page 6-19. Line 12: The text states that "other than ant 
not sampled as part of the Zone E RFI ... potential impacts on 
comparing groundwater constituent concentrations to surface water 
surface waters may be impacted through routes other than 
groundwater is not impacting surface water does not imply that there 
surface water. The text should be revised to state that potential 
groundwater were evaluated by comparing groundwater COllStitus 
screening standards, but that since no surface water sarrmle 
surface water are uncertain. 

Response 3 
The text will be revised to reflect this info"n",l 

Comment 4 
Section 7.2.2. Page 7-9. Line 8 The from consideration as a 

as an essential nutrient. 
eliminated based upon an 

as a COPC in the HHRA. In 

contaminant of 
Region IV 

essential 
Icluded in uncertainty section of the Zone E RFI 

the iron toxicity screening values. 

onsiide:ration in the HHRA due to its status as 
Final Zone E RFI Report. 

discussion of the zone rationale is confusing and incomplete. 
the Ecological Study Areas (ESA) and the Areas of Ecological 

not clear from the text or Figures 8-1 and 8-2. Specifically, there is 
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Draft ReSl'Ollse To COIIIIIIents fr0111 SCDHBC 
for Draft Zone B RCRA Facility InvestigatiOll Report 

Charleston Naval Complex 

no explanation as to how the AECs fit within the ESA; the AEC are briefly mentioned, but never 
defined or located on maps. The locations of the AEC in relation to Zone E and the ESA are not 
shown in either figure. The confusion is compounded by the statement that basewide, zone 
configurations were based on SWMU or AOC locations and therefore, do not necessarily 
ESA boundaries (line 18). Figures 8-1 and 8-2 should be modified to clearly 
boundaries of Zone E, the ESAs, and the AECs. 

ResponseS 
Discussion concerning the interrelationship among the boundaries 
itself will be revised. Independent of AOCslSWMUs, the entire 
large study areas based on land use to make the ecological asS,essl 
more manageable. Ecological surveys at some of the less indlust:ri 
specific areas of ecological concern (AECs), such as isolated wetlani 
areas that required further assessment. As noted in Section 8.1, 
within Zone E. 

Comment 6 
Section 8.0. Page 8-1, Line 16: The text states that the 
Report is also described in the Zone J RFI Work 
rationale, the survey method is not described in the 
the survey method should be included in the 

Response 6 
A reference to the USEPA's ERA 
for the Zone E ERA. The reference 

habitat and 

survey method nsed 
on the methods nsed 
at the onset of the 

zone-specific ERAs and 
aU zone-specific surveys. The 

,elegalted to the zone-specific investigations. 

although Zone E has 23 identified outfalls along 
pathway to the Cooper River, sediment and surface water 

with AOCs 555 and 556 and SWMUs 54 and 81. The 
J RFI Report was specifically designed to assess the 

Cooper River. No rationale was provided as to why AOCs 
91 were selected for the preliminary assessment. An explanation 
assess potential risk from sediment and water collected from Zone 
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Cbarleston Naval Coa;>lex 

Response 7 
All oulfalls to the Cooper River were designated for assessment in either the Zone J or Zone L 
RFI. During the Zone E investigation of AOCs 555 and 556, and SWMUs 54 and tbe 
USEPA requested that tbe Navy include these specific oulfalls in the Zone E RFI. 
will be clarified in the text. 

Conunent8 
Figure 8.3. Page 8-8: Direct ingestion of soil and ingestion of soil via 
(by shading the appropriate box) as selected exposure pathways 
contaminant pathway model (Figure 8-3). Similarly, direct contact 
exposure pathways for terrestrial plants and terrestrial inv'em~br:ates 
pathways and terrestrial species as ecological receptors were not COIISIC 

was stated that for the Zone E assessment, only exposure routes 
surface water pathways would be evaluated to determine the need for 
the Zone J RFI (page 8-7, line 3). Furthermore, only aquatic spe(;ies' 
ERA Terrestrial species were not considered as ecological TPr,..,tr 

the text and figure should be modified to clearly identify 
receptors that will be addressed in the Zone E ERA. 

Response 8 
Figure 8.3 will be revised to identify those 
Terrestrial exposure patbways to plants 
babitat exists for tbese species in Zone 

no quality 

in the Contaminant Pathway 
The text does not identify the 

all of the listed groups were included in 
receptors for Zone E must be identified, and 

revised and will not specify particular guilds 
~ll>rates, etc.), but rather indicate that, if present in 
receptors may be exposed to Zone E constituents. 
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Comment 10 

Draft Response TO Comments from SCDHBC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Complex 

Figure 8.3, Page 8-8: The Contaminant Pathway Model defines Aquatic Receptors as invertebrates 
plants, algae, amphibians, and fish, The exposure pathways for these organisms are not all identical. 
For example, plants would be exposed to water and sediment, whereas fish could also 

contaminated invertebrates, smaller fish, plants, and algae. The exposure model should 
to reflect these different exposure pathways. 

Response 10 
Please see the response to Comment 9. 
Comment 11 
Section 8.4, Page 8-13: The impacts of groundwater contaminants on 
addressed. Shallow groundwater could reach the surface and 
receptors. Aquatic receptors in Zone nearshore environments could 
groundwater via direct exposure. Aquatic plans could also be exposed 
associated with groundwater must be included in the ERA eXI)OSl 
justification as to why groundwater was not considered an eXI>oslllre' 

Response 11 
Potential impacts of contaminated groundwater to 
the Zone E RFI, but rather in the Zone J RFI, 
comprehensive groundwater-to-surface water 
D, E, G, H, and I) rather than one zone at a 

Comment 12 

assessment, entiitlei 
properties of 
details 

Fate and Transport". 
A discussion of the fate and 
through various media (i.e., 

provided in this section deals 
than a direct discussion of the fate and 

:serlted in this section should be addressed under 
~org,ani(;s and organics. Section 6.0 of the risk 

discussion of the chemical and physical 
E, It was stated that the Zone A RFI Report 

traIiisp<llrt of specific groups of chemical (page 6-4). The 
should be included in the Zone E ERA, as well as the 

and aquatic receptors will be assessed in the Zone J 
likelihood of complexing with soil, and the effects of pH 

ECPC should be addressed, and should include discussion of 
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Response 12 
Section 8.4 will be more appropriately titled "Stressor Characteristics", and additional 
chemical-specific fate and transport items, such as water solubility and pH effects will be 
appended to Section 6.0 as applicable. 

Comment 13 
Section 8.4, Page 8-13, Line 20: The statement that cadmium has 
severe delecterious effects on fish and wildlife is followed by the 
are comparatively resistant to the biocidal properties of cadmium. The 
birds and mammals are not wildlife, which is incorrect. It is correct 
and manunals are less susceptible than freshwater organisms. The 

Response 13 
The text will be revised to reflect aquatic organisms' greater 
to its effect on birds and manunals. 

Comment 14 
Section 8.5, Page 8-16, Line 12: The text states 
evaluates the aquatic community health with a 
to aquatic community species. This statement is 
community health", must be defined in 
"chronic effects" for each selected ec('IOE~~ 
productivity or specific diversity). Also, 

"aquatic 
that predicts 

pecific terms "such as 

NOAA's 

of exposure pathways. This 
endpoint species, but rather 

screening-level benchmarks (USEPA's SSV, 
'8il)rv's SCVs), to determine if the site could 

pose UDllcclepb 

is entitled "Risk Characterization", but is actually a 
O'''IL1LiiUllll integrates the results of exposure and effects 

adverse ecological effects associated with exposure to a 
of the adverse effects is discussed, including the types and 

spatial and temporal patterns, and the likelihood of recovery. 
are identified, and problems associated with each ECPC, 
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Charles~on Naval Complex 

including the extent of the problems and possible interactions of ECPCs (i.e. additivity or 
synergism), are discussed. This section should be renamed "Preliminary Risk Assessment" and 
should include an introductory statement that an in-depth risk characterization of Zone E ERA will 
be provided in the Zone J RFI Report. 

Response 15 
This section will be renamed to better reflect its content. A stateole 
reference the Zone J RFI Report for an in-depth risk .. h.lr",.,t .. r 
including the areas adjacent to Zone E. 

Comment 16 
Section 8.7, Page 8-17, Line 7: The reference to "published" surface 
confusing in that all effects levels reported in Table 8.3 are published 
modified to be more specific. 

Response 16 
The text will be revised and will state that the few 
etTect levels were exceeded by the maximum cOIlcelotI'! 
samples. 

Comment 17 
Section 8.7, Page 8-17, Line 13: The text 
below 1", based on the mean constituent 
Based on the mean HQ values presente 

3methylphenol and tr'ibutyl 

parameters were all 
statement is incorrect. 

ex(:ee(ied 1 for 4-chloro-

overall...only a moderate risk to surface water 
HQ values for BEHP (146.67) and tributyltin 

be revised to state that risk to surface water quality is 
'l'od.erate for all other analytes. 

the higher risk from the organics BEHP and tributyltin. 
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Comment 19 

Draft Response To COIIIIII8JJts frOllJ SCDIlBC 
for Draft ZODe B RCBA Facility Investigation Report 

CbarlestOD Naval Caqple" 

Section 8.7. Page 8-17. line 17: The text states that for sediment, ''HQ values greater than 1 but less 
than 3 for copper, arsenic, chromium, nickel, lead, zinc, and pyrene were The 
statement is incorrect. Using the mean constituent concentrations, the HQ value 
copper (10.35), lead (3.04), and pyrene (9.14), and was less than 1 for (0.83). 
analytes with HQs between 1 and 3 that were not included in the 
mercury, 4,4'-DDE, methoxychlor, acenaphthene, acenaphthylene, 
and naphthalene. The text must be corrected to include only those 
1 and 3. Also, the statement should qualify that the mean (not the 
to determine which analytes had HQ values between 1 and 3. 

Response 19 
The text will be revised to reflect the HQs presented in the Table 

Comment 20 
Section 8.7. Page 8-17. line 21: The text states that "overall 
concentrations appears low." This statement is incom::ct. 
values exceeded 10 for copper (10.35), ArclClor-I:!6 
disulfide (16.55), indicating moderate risk. The 
indicating extreme risk. The text must be revised 
from analytes in sediment with Hqs ex(;eedin 

Response 20 
The text will be revised to reflect the 

states that moderate risks from ECPCs in surface 
are predicted for aquatic wildlife. This 
for tributyltin (1,058) indicates extreme 

(37.78), copper (10.35), Aroclor-1260 
(16.55), indicating moderate risk, and exceeded 
The text must be revised to include a discussion 

pose moderate (HI> 10) to extreme (HI> 100) risks to 

the HQs presented in the Table 8.2 
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SWMUs 23 and 63: AOCs 540, 541, 542, and 543 
Comment 1 
Section 10.4.4, Page 10,4-21, Line 8: The text states that aluminum and iron in shallow 
exceeded both their respective tap-water RBC and background shallow groundwater 
statement is incorrect A background shallow groundwater RC was not for 
should state that a background shallow groundwater RC was not avarilabl 

Response 1 
As part ofthe Final Zone E RFI, iron background reference 
and used to screen iron data. 

AOC550 
Conunent 1 
Section 10.24.4, Page 10.24-14, Line 18: The text states 
concentrations in groundwater samples at nearby SWMU 65 
Cooper River. The relationship between AOC 550 and 
high" concentrations defined. The significance of the 
surface water at AOC 550 must be explained. It 
concentrations in SWMU 65 groundwater samples 
Cooper River. Lastly. "relatively high" concentn 

Response 1 
The text will be revised to read ''rellati' 
groundwater samples at nearby 
surface water the Cooper 

arsenic." 

were also detected in 
to significantly impact 

10.6.9.2; maximum 
Groundwater RBC for 

conducted for this site. Conclusions and 
from the Cooper River will be presented 

56 



AOC556 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility lnvestigntion Report 

Charleston Naval Complex 

It was stated that a formal risk assessment was not conducted for this site. Conclusions and 
recommendations for sediment and surface water sampled from the Cooper River will be presented 
in the Zone J RFI Report. 

Response 
Correct. 

AOCs 559, 560, and 561 
Comment 1 
Figure 10.29.7. Page 10.29-70: A figure representing the Point Risk Estimates for Groundwater
Future Residential Scenario was not provided. The figure must be added to the page. 

Response 1 
This figure will be added in the Final Zone E RFI Report. 

Specific Comments Requiring Only Editorial 
Changes To Correct The Document 

Comment 1 
Figure 8.2. Page 8-3: The figure should be modified so that the numerical designations for the 
SWMUs and AOCs are legible. Also, it would be helpful if the legends were color-coded for ease 
of locating where a sediment or sediment and water sample was collected and the outfall locations 
within Zone E. 

Response 1 
A new Figure 8.2 will be generated so that SWMU and AOC desiguations are legible and 
sample and outfall locations are easier to recognize. 

Comment 2 
Figure 8.2. Page 8-8: The Contaminant Pathway Model uses solid circles and triangles to designate 
various receptors. A definition of the solid circle is not provided. A figure note should be added to 
explain what the solid circle represents. Also, the difference between the solid circle and solid 
triangle symbols should be included as a note to the figure. 

Response 2 
The legend to Figure 8.2 will be revised to include all symbols and their representations. 
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Comment 3 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

Table 8.3, Page 8-11: The Effect Level for 4-nitrophenol is reported as rather than the value of 82,8 
reported as the chronic screening value listed in USEP NSCDHEC Ambient Water Criteria (Region 
IV Bulletin), To conform with other screening values cited in the Region IV Bulletin, the exact 
effect level, rather than a rounded number, should be reported in the table, 

Response 3 
The Effect Levels in Table 8.3 will be revised so they are consistent with the Region IV 
Bulletin. 

Comment 4 
Table8.3, Page 8-11: The Effect Level for bis(2-Ethylhexyl)phthalate (BEHP) is reported as 0.30 
rather than <0,30 reported as the chronic screening listed in the USEPNSCDHEC Ambient Water 
Criteria (Region IV Bulletin), The effect level should be corrected to conform with the other 
screening values cited in the Region IV Bulletin, 

Response 4 
The Effect Levels in Table 8.3 will be revised so they are consistent with the Region IV 
Bulletin. 

CommentS 
Table 8.3, Page 8-12: The first note located at the bottom of the table states that chronic saltwater 
effect levels were used. This statement is incorrect. Chronic freshwater effect levels were used, The 
text should be corrected, 

ResponseS 
The notes will be revised to cite the use DC chronic Creshwater effect levels. 

Comment 6 
Section 8.7, Page 8-17, line 7: The text states that "the only five analytes with published surface 
water quality effects levels exceed those levels" is incorrect, In fact, six analytes exceeded those 
levels, based on Table 8.3 (page 8-11): aluminum, barium, iron, lead, thallium, and BEHP, The text 
should be corrected. 

Response 6 
The text will be revised to reflect the correct number oC exceedances presented in Table 8.3. 
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Comment 7 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility Investigation Report 

Charleston Naval Complex 

FRE Summaries, Section 10: The FRE Summaries in Section 10 stated that Tables 7.3,1. 7.3.2, and 
7.3.3 presented in Section 7 provide residential, industrial, and residential groundwater RGOs, 
respectively. This statement should be revised to state that Tables 7.3.1, 7.3.2, and 7.3.3 provide 
residential soil, industrial soil, and residential groundwater RGOs, respectively. 

Response 7 
This will be clarified and the revision will be made in the Final Zone E RFI Report. 

SWMUs 5 and 18: AOC 605 
Comment 1 
Table 10.1.6.13, Page 10.1-87: "HI" is defined in a footnote to the table but is not used in the table. 
The last row in the table designated "Surface Soil Pathway Sum" should be renamed "Soil Surface 
Pathway Sum HIlILCR". 

Response 1 
Noted. 

SWMUs 21 and 54 
Comment 1 
Table 10.2.8.1, Page 10.2-55: The definition of the double asterisk ("identified as an industrial 
COPC") should be added as a note to the table. 

Response 1 
A footnote will be added to the table. 

Comment 2 
Section 11.2" Page 11-8, line 2: The text states that SWMU 21 consists of a 20 by 80-foot concrete 
pad. The site consists of a 20 by 180-foot concrete pad, according to Section 10.2 (page 10.2-1). 
The text in Section 11.2 should be corrected. 

Response 2 
The text will be revised to reflect this correction. 

SWMUs 23 and 63; AOCs 540, 541, 542, and 543 
Comment 
Section 10.4.2, Page 10.4-13, line 13: The text states that 20 pesticides were detected in soil 
samples. The correct number is 21 pesticides. The text should be corrected. 
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Response 
The text will be revised to reflect this correction. 

SWMUs 83 and 84: AOC 574 
Comment 

Draft Response To Comments from SCDHEC 
for Draft Zone E RCRA Facility InvestigaJion Report 

Charleston Naval Compkx 

Section 10.10.10.7. Page 10.10-64. line 18: The text states that concentrations of manganese equate 
with a hazard quotient of nine. The concentrations of manganese equate with a hazard index of nine. 
The text should be corrected. 

Response 
The text will be revised to reflect this correction. 

SWMUl02 
Comment 
Section 10.14.4. Page 10.14-17. line 8: The text states that no metal in shallow groundwater samples 
exceeded its respective tap-water RBC. This statement is incorrect. Arsenic (5.10 Ilg/L) exceeded 
its tap-water RBC (0.0450 Ilg/L), according to Table 10.14.4.2 (page 10.14-17). The te)lt should be 
corrected. 

Response 
The text will be revised to reflect this correction. 

AOC550 
Commentl 
Section 10.24.2. Page 10.24-9. line 13: The text refers to the industrial RBC of TEQs (dioxin 
equivalents) as 1,000 nglkg. This statement is incorrect. The industrial RBC of TEQs is 43 nglkg, 
according to Table 10.24.2.1 (page 10.24-6). The text should be corrected. 

Response 1 
The text win be revised to reflect this correction. 

Comment 2 
Section 10.24.4. Page 10.24-13. line 3: The text states that only one metal (iron) in shallow 
groundwater exceeded its tap-water RBC. This statement is incorrect. Arsenic and manganese also 
exceeded their respective RBC, according to Table 10.,24.4.1 (page 10.24-12). The text should be 
corrected. 
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Response 2 
The text will be revised to reflect this correction. 

AOC556 
Comment 

DTt4l Response To Comments from SCDHEC 
fOT Draft Zorre E RCRA Facility Investigation Report 

C1uuleston Naval Complex 

Section 10.27.2, Page 10.27-10, Line 5: The text states that ten SVOCs were detected above their 
respective SSV. This statement is incorrect. An additional chemical, anthracene, was also detected 
at concentrations that exceeded its SSV, according to Table 10.27.2.1 (page 10.27-7). The text 
should be corrected. 

Response 
The text will be revised to reflect this correction. 

AOes 559, 560, and 561 
Comment 
Section 10.29.4, Page 10.29-25, Line 13: The text states that only one metal (iron) in shallow 
groundwater exceeded its tap-water RBC. This statement is incorrect. Arsenic and manganese also 
exceeded their respective tap-water RBC, according to Table 10.29.4.4 (page 10.29-23). The text 
should be corrected. 

Response 
The text will be revised to reflect this correction. 

AOC562 
Comment 
Section 10.30.2, Page 10.30-4, Line 2: The text states that acetone and carbon disulfide were 
detected in two lower-interval samples. This statement is incorrect. Both VOCs were detected in 
one of two lower-interval samples, according to Table 10.30.2.1 (page 10.30-3). The text should be 
corrected. 

Response 
The text will be revised to reflect this correction. 

AOCs 569, 570, and 578 
Comment 
Section 10.34.4, Page 10.34-22, Line 8: The text states that only one metal (thallium) in deep 
groundwater exceeded its tap-water RBC. This statement is incorrect. Arsenic and manganese also 
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Draft Respo!Ise To COIIIIII8lltS frOllJ SCDBIfC 
for Draft Zane B RCRA Facility Investigation Report 

Cbarleston Naval COII!Plex 

exceeded their respective tap-water RBCs, according to Table 10.34.4.4 (page 10.34-18). The text 
should be corrected. 

Response 
The text will be revised to reflect this correction. 

AOC572 
Comment 
Section 10.36.4. Page 10.36-13. line 3: The text states that only 
groundwater exceeded its tap-water RBC. This statement is incl()m:ct. 
exceeded their respective tap-water RBC, according to Table IV.:m.". 
should be corrected. 

Response 
The text will be revised to reflect this correction. 

AOC573 
Commentl 
Section 10.37.4, Page 10.37-14, line 3: The 
groundwater exceeded its tap-water RBC. This 
its tap-water RBC, according to Table 10.37 

Response 1 
The text will be revised to reflect this 

shallow 

was detected at a maximum of 405 mglkg, 
according to Table 10.,37,6.2 (page 10.37-
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Draft Response TO Comments from BCDBEC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval C~lex 

AOC580 
Comment 
Section 10.40.4. Page 10.40-15. line 7: The text states that only one metal (iron) in shallow 
groundwater exceeded its tap-water RBC. This statement is incorrect. Arsenic and also 
exceeded their respective tap-water RBC, according to Table 10.40.4.2 (page 10.40-13). 
should be corrected. 

Response 
The text will be revised to reflect this correction. 

AOC596 
Commentl 
Section 10.45.4, Page 10.45-16, line 6: The text states that one metal 
samples exceeded its tap-water RBC. This statement is incorrect. 
water RBC, according to Table 10.45.4.2 (page 10.45-14). The 

Response 1 
The text will be revised to reflect this correction. 

Comment 2 
Section 10.45.4, Page 10.45-16, line 11: 
groundwater samples exceeded their 
Manganese also exceeded its tap-water 
text should be corrected. 

iron) in deep 
:tatc~mc~nt is incorrect. 
(page 10.45-15). This 

~ofllcentration (J.IgIL) for manganese is reported as 
cOIlcerltraltion should be reported as "2,560". 

revised to reflect this correction. 
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Draft Response To COIIIIIISnts frotlll SCD1I1fC 
for Draft Zone If ReM Facility Investigation Report <. 

Charleston Naval Complex 

Section 10.50.4, Page 10.50-25, Line 4: The text states that antimony exceeded its tap-water RBC 
and shallow groundwater background RC. A shallow groundwater background RC is not available 
for antimony, based on Table.50.4.3 (page 10.50-18). The text should be corrected. 

Response 2 
The text will be revised to reflect this correction. 

Comment 3 
Section 10.50.4, Page 10.50-26, Line 8: The text states that chromium concentrations in two shallow 
groundwater samples exceeded the chromium tap-water TTAL of 18.0 JLg/L. However, in Table 
10.50.4.3 (page 10.50-18), an asterisks is not marked for the chromium tap-water RBC to designate 
that the value is for TT AL. An asterisks should be added to the chromium tap-water RBC value in 
the table so that the text and table are in agreement. 

Response 3 
The text will be revised to read ''tap-water RBC" rather than Tap-water TTAL. 

Comment 4 "". 
Section 10.50.4. Page 10.50-26, Line 15: The text states that one shallow groundwater sample 
exceeded the manganese RC of 2,560 JLg/L. This statement is incorrect. The concentration of 
manganese in the sample was equal to the RC value (2,560 JLg/L). The text and table should be in 
agreement. 

Response 4 
The text and table will be revised to reflect this correction. 

CommentS 
Section 10.50.4, Page 10.50-26, Line 18: The text states that one shallow groundwater sample 
exceeded the vanadium RBC of 26.0 JLg/L. This statement is incorrect. The concentration of 
vanadium in the sample was equal to the RBC value (26.0 JLg/L). The text should be corrected. 

ResponseS 
The text will be revised to reflect this correction. 
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Comment 6 

Draft Response To Comments from SCDHBC 
for Draft Zone B RCRA Facility Investigation Report 

Charleston Naval Caqplex 

Section 10.50.4, Page 10.50-27, line 3: The text states that antimony exceeded its deep groundwater 
background RC. This statement is incorrect. A RC value is not available for antimony, based on 
Table 10.50.4.4 (page 10.50-20). The text should be corrected. 

Response 6 
The text will be revised to reflect this correction. 

Comment 7 
Section 10.50.4, Page 10.50-27, line 15: The text states that the concentration of barium in one 
sample exceeded its deep groundwater background RC of 322 p.gfL. This statement is incorrect. 
The concentration of barium in the sample was equal to the RC value (322 p.gfL). The text should 

be corrected. 

Response 7 
The text will be revised to reflect this correction. 

CommentS 
Section 10.50.4, Page 10.50-27. line 3 and Page 10.50-28, line 2: The text states that cadmium 
exceeded its tap-water RBC and deep groundwater background RC. This statement is incorrect. The 
concentration of cadmium in one sample was equal to the cadmium tap-water RBC of 1.8 p.gfL. In 
addition, a deep groundwater background RC is not available for cadmium, based on Table 10.50.4.4 
(page 10.50-20). The text should be corrected. 

ResponseS 
The text will be revised to reflect this correction. 

Comment 9 
Section 10.50.4, Page 10.50-27. line 3 and Page 10.50-28. line 2: The text states that thallium 
exceeded its tap-water background RC. A tap-water background RC is not available for thallium, 
based on Table 10.50.4.4 (page 10.50-20). The text should be corrected. 

Response 9 
The text will be revised to reflect this correction. 
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IN IEEPL Y REFER TO: 

Ser: 1063 

OCT 30 189'1 

From: Director, Supervisor of Shipbuilding, Conversion and Repair, USN, 
Portsmouth, VA, Environmental Detachment Charleston 
(SPORTENVDETCHASN) 

To: Commanding Officer, Southern Division Naval Facilities Engineering 
Command (Code 18 - Hayes Patterson) 

Subj: COMPLETION REPORT FOR PROCESS CLOSURE OF BUILDING 44 
ANNEX (SWMU 25), PROJECT NUMBER C96018 

Encl: (1) Completion Report Process Closure/D,emolition for SWMU 25 
(Building 44 Annex) Naval Base Charleston, Charleston, SC 

1. Subject report was delivered to Southern Division, Naval Facilities 
Engineering Command on June 30,1997 for review and comment. There were 
no comments generated or received by SPORTENVDETCHASN, therefore the 
report is issued as complete. 

2. Questions regarding this report may be directed 10 Danny Hughes at 743-
6777 ext. 122, or Kevin Tunstall at ext. 227. 

~rM~~ 
t-¥.R~bEARHART 
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1. INTRODUcnON 

1.1 INSTALLATION RESTORATION PROGRAM. The purpose of the Department of the 

Navy (DON) Installation Restoration (IR) Program is to identify, assess, characterize, and 

cleanup or control contamination from past hazardous waste disposal operations and hazardous 

material spills at Navy and Marine Corps activities. The Defense Environmental Restoration 

Program (DERP) is codified in the Superfund Amendments and Reauthorization Act (SARA) 

Section 211 (10 USC 2701). The IR Program is a component of the DERP. 

1.1.1 Naval Base Charleston IR. Program. At Naval Base Charleston, a Resource 

Conservation and Recovery Act (RCRA) Facility Assessment (RF A) was prepared which 

divided the Naval Base into zones and identified Solid Waste Management Units (SWMU) and 

Areas of Concern (AOC) within each zone. The RF A evaluated each SWMU and AOC and 

determined which sites required further investigation. Based on the RFA, a RCRA Facility 

Investigation (RFI) work plan has been or is being prepared for each zone coDtaining SWMUs 

and AOCs requiring further investigation. On completion of the RFI for each zone, a RFI report 

will be prepared for that zone. The RFI reports will identify SWMUs and AOCs containing 

hazardous wastes requiring remediation. EventuaI1y, Corrective Measures Studies (CMS) will 

be prepared to determine the best means of remediating the site. 

1.2 SOLID WASTE MANAGEMENT UNIT 25. SWMU 25 is the site of a former 

electroplating facility associated with Building 44 which is located in Zone E. The 

electroplating facility occupied two rooms in the northwest portion of Building 44 which 

connected to an annex. The electroplating facility is bordered on the north by Building 5, on the 

south by Building 44, on the east by Avenue B, and on the west by Hobson Avenue. The facility 

contained approximately 40 metal tanks that contained the solutions used in the plating process. 

These tanks and associated equipment were removed in 1995 during the closure operations of 

Charleston Naval Shipyard. 

1 _1 



1.3 BUILDING 44 DEMOLITION. During the interval between the RFI and the completion 

of the CMS, it was decided by Southern Division Naval Facilities Engineering Command 

(SOUTHDIV) that an 1M would be performed by Supervisor of Shipbuilding, Conversion and 

Repair, Portsmouth V A, Environmental Detachment Charleston (SPORTENVDETCHASN). To 

facilitate the sampling effort for the RFI, a process closure action to demolish and remove the 

building was deemed necessary prior to implementation of any interim measure action. The 

objective of this process closure action was to demolish the annex, since it was considered 

unsafe, and to allow access to the soil underneath the building. This action was consistent with 

the ulti!!late cleanup of SWMU 25 and was not intended to circumvent the public participation 

process inherent within environmental cleanup under RCRA authority. 
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2. INTERIM MEASURE EXECUTION 

2.1 ACTIONS REOUIRED BY INTERIM MEASURE WORK PLAN. Clean the rooms 

located in Building 44. Remove the asbestos roof coating and the asbestos pipe from the annex. 

Demolish and remove the annex, floor slab and in ground electrical utility manhole. See 

Appendix A for site location. 

2.2 PROBLEMS ENCOUNTERED. 

2.2.1 HIGH VOLATGE UTILITY MANHOLE. The electrical utility manhole, shown in 

Appendix B (Figure B-1), could not be removed as planned. After the removal of the annex 

floor and pump down of the water which filled the manhole, it was discovered that seven 

electrical cables traversed through the manhole, three of which were high voltage (13,200 volts). 

South Carolina Electric and Gas Co. was requested to determine if the cables in the manhole 

were energized. Drawings do not show origin or destination of the cables passing through this 

manhole. None of the SCE&G employees were Hazardous Worker Operations (HAZWOPER) 

qualified to enter the site to inspect the manhole, nor was their contractor who performs gas free 

testing of enclosed spaces. Since no one was able to determine the status of the electrical lines 

no attempt was made to cut the cables in order to remove the manhole. Also, it was discovered 

that concrete conduits encased the cables leading to and from the manhole. These conduits were 

not part of the original plan, but should be considered for removal along with the manhole during 

any follow up action. 

2.2.2 ADDITONAL VOLUME OF HAZARDOUS WASTE. After the removal of the 

asbestos roofing material, it was revealed that areas of the roof contained chromium 

contamination. Samples taken proved the roof contained chromium above 5 parts per million 

(ppm) Toxic Characteristic Leaching Process (TCLP). Furthermore, the concrete columns 

inside the annex could not be cleaned by pressure washing as detailed in the plan. Sample 

analysis of a column after pressure washing also indicated levels of chromium above 5 ppm 

TCLP. 
• 



Additional debris was encountered in the cleaning room of the annex due to two concrete floors, 

one on the top of the other. This double floor was not indicated on any drawings but was 

removed along with the top flooring with a minor amount of additional effort. 

The concrete roof, beams, pur1ins, interior columns and double concrete floor added 

significantly to the amount of hazardous waste.removed during the demolition. 

2.3 PLAN MODIFICATIONS AND JUSTIFICATION. Modified the work plan to leave 

electrical utility manhole. 

• 
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3. INTERIM MEASURE OUTCOME 

3.1 SITE CONDITIONS FOLLOWING COMPLETION OF WORK. On 11 April 1997, 

after completion of work, SPORTENVDETCHASN had removed 396 tons of building material 

from SWMU 25. The door ways from Building 44 into the annex were filled with concrete block 

and the annex area covered with plastic sheeting to prevent water infiltration and runoff. An 

electrical vault that was adjacent to the annex in the alley has been identified as being 

contaminated with chromium. Several areas of concrete outside the annex have the visual 

appea.fl!!lce of being contaminated. 

3.2 AREAS REOUIRING FURTHER ACTION. The electrical utility manhole and 

associated concrete conduit need to be removed if any evacuation at the site is deemed required 

by the RFI. 
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4. SAMPLING 

4.1 SAMPLING EVOLUTIONS AND RESULTS. Initial sampling was conducted to 

determine the areas of contamjnation for accessing waste volume. Additional samples were 

taken to verify cleaning evolutions and to test areas previously indiscernible as contamjnated. 

Initial sampling included walls, floors, drains, !fenches and concrete columns. Additional 

sampling included the concrete roof, beams and purIins. Sample results are included in 

AppendixB. 
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5. WASTE GENERATION 

5.1 HAZARDOUSJPOTENTIALLY HAZARDOUS WASTE. The hazardous waste 

identified below in paragraph 5.1.1 was packaged at the work site for disposal. A less than 90 

day storage area was created to accwnuiate the waste at the site as the building was being 

demolished. The less than 90 day storage area JIlet the requirements of the South Carolina 

Department of Health and Environmental Control (SCDHEC) regulations R.61-79.265. See 

Appendix C for shipping manifest. 

5.1.1 Hazardous Waste. Between 26 February 1997 and 1 April 1997 twenty three shipments, 

for a total of 330.09 tons, of contaminated building material was packed in 20 cubic yard roll 

oirs and transported to Laidlaw Environmental Services of South Carolina, Inc. for disposal. 

The disposal site was located in Pinewood, SC at a Title "C" landfill and the disposal made 

under license number N9702076. 

5.1.2 Asbestos Waste. One shipment of asbestos containing material (5.96 Tons) was 

transported by Fennel Container Company, Inc. to Chambers Oakridge Landfill located in 

Dorchester County, South Carolina under license number SC N9612040 on 21 February 1997. 

5.2 NON-HAZARDOUS WASTE. A total of 60 tons of non-hazardous construction material 

was removed from the site and transported to Charleston County Landfill on Bees Ferry Road. 
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FIGURE B-1 Con't 
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TABLE B-1 

BUILDING 44 ANNEX DEMOLITION 
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LOCATION 
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TABLE B-1 Con't 

BUILDING 44 ANNEX DEMOLITION 
SAMPLE IDENTIFICATION 

SAMPLE ID • TYPE OF TYPE OF DESCRIPTION OF SAMPLE LOCATION 
ANALYSIS SAMPLE 

SPORT0356 2 TCLP CONCRETE Roof beam 
SPORT0356-3 TCLP CONCRETE Roof beam 
SPORT0357-1 RCRA METALS SOIL Under grade block 
SPORT0390-1 TCLP/RCRA SOIL Inside vault 

METALS! 
CYANIDE 

SPORT0390-2 TCLP!RCRA SOIL Outside vault 
METALS! 
CYANIDE 

SPORT0390-3 TCLP!RCRA SOIL Floor residue inside vault 
METALS! 
CYANIDE 

SPORT0390 4 RCRA METALS SWIPE Swipe of conduit pipe 
SPORT0392 1 TCLP WATER Rinsate from vault pump down 
SPORT0405 1 pH!NPDES WATER Water from vault pump down 

METALS! 
HEXAVALENT 
CHROMIUM, 

CYANIDE, OIL , 
GREASE 
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DEPARTMENT OF THE NAVY 
SUPERVISOR OF SHpeULDIIICl. COIIVERSION MID REPAIR, USN 

PORTSMOUTH, VIRGINIA. EIMROIIMEIilTAL DETACHMENT CHARLESTON 
1'" IIORTH HOISSOfiI AVENUE. BUILDING 30 

NORTH CHARLESTOII,IOUTH CAROUIA 2M05-Z101 

Mr. G. Randall Thompson, Director 
Division of Hazardous and Infectious Waste Management 
Bureau of Solid and Hazardous Waste Management 
South Carolina Department of Health and Environmental Control 
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1. INTRODUCTION 

1.1 SOLID WASTE MANAGEMENT UNIT 25. SWMU 25 is the site of a fonner 

electroplating facility associated with Building 44 which is located in Zone E. The 

electroplating facility occupied two rooms in the northwest portion of Building 44 which 

connected to an annex. The electroplating facility was bordered on the north by Building 

5, on the south by Building 44, on the elJSt by Avenue B, and on the west by Hobson 

Avenue. The facility contained approximately 40 metal tanks that contained the solutions 

used in the plating process. These tanks and associated equipment were removed in 1995 

during the closure operations of Charleston Naval Shipyard. 

In 1997, the Environmental Detachment Charleston (DET) was tasked with the 

demolition of the Building 44 electroplating facility. The facility was considered unsafe 

and removal would result in access to the soil beneath the building. However, electrical 

vault 7 A could not be removed as planned. After removal of the fluid that filled the 

vault, it was discovered that seven electrical cables traversed through the vault South 

Carolina Electric and Gas Company could not determine if the cables were energized. 

Since the status of these cables were unknown, no attempt was made to cut the cables in 

order to remove the vault Also, it was discovered that concrete conduits encased the 

cables. These conduits were not shown on the original plan. 

1.2 SWMU 2S INVESTIGATION. During the interval between the RFI and the 

completion of the CMS, it was decided by Southern Division Naval Facilities 

Engineering Command that an investigation would be perfonned by Supervisor of 

Shipbuilding, Conversion and Repair, United States Navy, Portsmouth Va. 

Environmental Detachment Charleston (DET). The objective of this investigation was to 

determine/delineate the extent of contamination in electrical service vault 7 A located in 

SWMU 25 and provide SOUTHDIV with resulting data and possible corrective 

measures. 
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2. INVESTIGATION EXECUTION 

2.1 ACTIONS REOUIRED BY INVESTIGATION WORK PLAN. 

• Sample and remove fluid from within the electrical service vault. 

• Monitor infiltration of fluid into the vault and re-sample. 

• Delineate surface soil contamination exceeding Risk Based Criteria (RBC) in the 

vicinity of the electrical service vault. 

2.2 OBSERVATIONS NOTED. 

2.2.1 Fluid Within the Electrical Service Vault. 

6,203 pounds of Chromium contaminated fluid was removed from the electrical vault. 

This fluid exceeded the regulatory level of 5 ppm as specified by 40 Code of Federal 

Regulations (CFR) 261.64 Table 1 - Maximum Concentration of Contaminants For The 

Toxicity Characteristic. Laboratory reports for the contaminated fluid are provided in 

Appendix A. 

Two core samples were taken from the inside surfaces of the electrical service vault. 

These core samples exceeded the regulatory level of 5 ppm as specified by 40 CFR 

261.64 Table 1 - Maximum concentration of Contaminants For The Toxicity 

Characteristic. Laboratory reports for the core sampling are provided in Appendix B. 

2.2.2 Infiltration of Fluid Into the Electrical Service Vault. 

From the time period of I June, 1998 through 25 August, 1998, no additional fluid 

entered the electrical service vault. However, evidence exists that previously removed 

fluid entered the service vault via electrical cable conduits that route to electrical service 

vaults 7 and 7B. Yellow deposits consistent with Chromium contamination can be found 
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in service vaults 7, 7A, and 7B. The fluid in vault 7A does not appear to be influenced by 

changes in groundwater levels. 

2.2.3 Delineation of Surface Soil Contamination. 

In August 1997, the DET perfonned soil sampling at fourteen locations in SWMU 25 that 

were infonnally provided to the Project Team for evaluation. This Investigation Report 

formally submits the results of this soil sampling. These samples were taken at the first 

and second intervals for a total of28 samples. Six second interval samples exceeded the 

EPA's Risk Based Concentration (RBC) Tables limit of 19 ppm for Hexavalent 

Chromium. 

The Project Team established a level of 1,300 ppm as an industrial use clean-up for lead. 

One sample exceeded this level of 1,300 ppm for lead at both the first and second 

intervals. The sample locations are provided in Figure I. A matrix summarizing sample 

results are provide in Table I. Laboratory reports for the soil sampling are provided in 

AppendixC. 

2.3 PLAN MODIFICATIONS AND JUSTIFICATIONS. 

The Detachment's internal Work PIan indicated that five core samples should be taken on 

the inside surfaces of the electrical vault. However, the Caretaker Site Office could not 

verify that the electrical cables transversing the vault were de-energized. Therefore, DET 

personnel were not allowed to enter the vault to obtain these samples. Due to this 

situation, only two core samples were obtained. However, these two core samples 

provided the necessary information to properly delineate the inside surfaces of the vault. 

The internaJ Work PIan indicated for the DET to re-sample infiltration fluid. However, 

no additional fluid infiltrated the service vault. Therefore, this re-sampling was not 

accomplished. 
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3. INVESTIGATION OUTCOME 

3.1 SITE CONDITIONS FOLLOWING COMPLETION OF WORK. 

Following completion of work on 25 August, 1998, the DET had removed 6,203 pounds 

of contaminated fluid from the electrical vault. 28 soil samples, two core samples inside 

the vault, and one composite sample of the. former transformer building were taken. 

Electrical service vault 7 A currently contains numerous high-voltage electrical cables. 

The DET has investigated the source and use of these cables to the maximum extent 

possible. The CSO was requested to coordinate the identification and de-energization of 

these electrical cables as required by 29 CFR 1910.333 - Electrical - Safety-Related 

Work Practices. The identification and de-energization of these cables has yet to be 

accomplished. Prior to any work being performed near or on these cables, the status of 

these cables must be identified. 

Ensafe Inc. performed a SWMU Manhole/Confined Space Study of electrical service 

vault 7A. The results of this study are provided in Appendix F. 
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4. SAMPLING 

4.1 SAMPLING EVOLUTIONS AND RESULTS. 

4.1.1 Investigative Sampling. Laboratory results for the investigative sampling can be 

found in the Appendices of this report. Field sampling consisted of: 

• Soil and electrical service vault sampling consisted of grab samples to determine the 

areas of contamination. 

• Transformer building sampling consisted of a composite sample to determine the 

areas of contamination. 
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s. WASTE GENERATION 

5.1 HAZARDOUSIPOTENTIALL Y HAZARDOUS WASTE. The hazardous 

waste identified below in paragraph 5.5.1 was packaged at Building 1824 for disposal. 

This less than 90 day storage area met the requirements of the South Carolina Department 

of Health and Environmental Control (SCDHEC) regulations R.6l-79.265. All 

contaminated waste was disposed of to ~ permitted Treatment, Storage, and Disposal 

Facility. Waste manifests are provided in Appendix E. 

5.1.1 " Hazardous Waste. On 6/1/98, 6,203 pounds of chromium contaminated fluid 

was removed from the electrical vault. This waste was properly packaged and 

transported to Chern-Met Services for disposal. 

5.2 NON-HAZARDOUS WASTE. No non-hazardous waste was generated during 

the accomplishment of this investigation. 
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6. CONCLUSIONS 

6.1 ELEcrruCAL SERVICE VAULT 7A. The statement of work requested that 

the Detachment determine alternatives of protective measures to eliminate the infiltration 

of contamination into the electrical service vault. However, the source of contamination 

at SWMU 25 is electrical service vault 7 A and associated cable conduits. Recommended 

protective measures are: 

• Remove the electrical cables from electrical service vault 7 A. 

• Remove the cable conduits leading to and from electrical service vault 7 A. 

• Remove electrical service vault 7 A and backfill. 

6.2 TRANSFORMER BUILDING. A black stain was noticed on the south side of 

the transformer building located between SWMU 25 and Building 5. The former plating 

shop's exhaust fans were adjacent to this transformer building. At the request of 

SOUTIIDIV, a core sample was taken of this stained area This sample significantly 

exceeded the regulatory level of 5 ppm as specified by 40 CFR 261.64 Table I -

Maximum Concentration of Contaminants For The Toxicity Characteristic. Laboratory 

reports for the black staining are provided in Appendix D. Photographs of the black 

staining are provided in Appendix G. 

The presence of this black stain was first noticed during the demolition of the former 

plating shop in March, 1997. At this time, the Detachment sprayed the transformer 

building stained area with water and collected a rinsate sample. This sample was below 

the regulatory level of 5 ppm as specified by 40 CFR 261.64 Table I - Maximum 

Concentration of Contaminants For The Toxicity Characteristic. Laboratory reports for 

this rinsate are provided in Appendix D. 

The transformer building is providing support for in-use electrical cable conduit. The 

laboratory report from the rinsate sample indicates that the rinsate from the transformer 

building is not characterized as hazardous waste. However, if the transformer building 
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use is no longer needed or if the building is demolished, the building/debris possessing 

the black stain should be characterized as hazardous waste. 
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Mr. John Litton, P.E. 

DEPARTMENT OF THE NAVY 
SOUTHERN DIVISION 

NAVAlFACIUTIES~NES\rNOCOMMMIO 

P.O. BOX 190010 
2156 EAGLE DRIVE 

NORTH CHARLESTON. s.c. 29.419-9010 

Director, Division of Hazardous and Infectious Waste Management 
Bureau of Land and Waste Management 
South Carolina Department of Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 

5090111 
Code 18Bl 
22 November, 1999 

Subj: SUBMITTAL OF FINAL COMPLETION REPORT FOR SWMU 25 INTERIM 
MEASURE 

Dear Mr. Litton, 

The purpose of this letter is to submit the Final Completion Report for SWMU 25 Interim Measure at Naval Base Charleston. The Completion Report is submitted to fulfill the 
requirements of condition II.F.3(b) of the RCRA Part B permit issued to the Navy by the South Carolina Department of Health and Environmental Control and U.S. 
Environmental Protection Agency. 

We request that the Department and the EPA review the report and file for future 
reference. If you should have any questions, please contact Amy Daniel or myself at 
(803) 743-9985 and (803) 820-5525 respectively. 

Sincerely, 

M.A.HUNT, P.E. 
BRAC Environmental Coordinator 
BRAC Division 

Encl: Final SWMU 25 Interim Measure Completion Report 

Copy to: 
SCDHEC (3) 
USEPA (Dann Spariosu) 
SOUTHNA VFACENGCOM (Matthew Hunt) 
CSO Naval Base Charleston (Amy Daniel) 

p.2 



Apr 18 02 01:32p CH2M Hi 11 850+939+0035 p.3 

1899 North Hobson Avenue -

Delphinus Engineering (AI Stoll) 
93 Monte Sano Drive 
Hanahan, SC 29406 

North Charleston. SC 29405·2106 
TEL (843) 202·8000 
FAX (843) 202-8001 
http://www. eeg-scra.org 

November 17,1999 
Ser: 074 

Re: Completion Report for Charleston Naval Complex (CNC) Solid Waste Management Unit (SWMU) 25. 

South Carolina Research Authority (SCRA), Environmental Enterprise Group was contracted to generate a Completion Report for SWMU 25 per purchase requisition No. CHNP09922. The enclosed report documents the actions performed at SWMU 25. 

Questions or information concerning this report should be addressed to Alan Moyer at (843) 202-8064 or Jed Heames at 202-8060. 

E.R Dearhart 
SCRA, Vice-President 
Environmental Enterprise Group 
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COMPLETION REPORT 
Interim Measure for 

SWMU25 
Naval Base Charleston 

Charleston, SC 

E"'""';"'Bm""',""d'~ 
Prepared By: . ~6/d ~<. . ............•.. 

- . .'. .'.'. 

Site work for this Interim Measure was completed by SUPSHIP, Environmental Detachmeut Charleston. This report is being submitted by South CaroUna Research Authority (SCRA) Environmental Enterprise Group (EEG) established as a result of the US Na~'s privatization of SUPSIllP Environmental Detachment Charleston on 13 September 1999. 

DOCUMENT GENERATED BY: 
SOUTH CAROLINA RESEARCH AUTHORITY 

Environmental Enterprise Group 
1899 NORTH HOBSON AVENUE 

NORTH CHARLESTON, SC 29405 
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1. INTRODUCTION 

1.1 INSTALLATION RESTORATION PROGRAM The purpose of the Department of 
The Navy (DON) Installation Restoration (IR) Program is to identify, assess, 
characterize, and clean up or control contamination from past hazardous waste disposal 
operations and hazardous material spills at Navy and Marine Corps activities. The 
Defense Environmental Restoration Program (DERP) is codified in the Superfund 
Amendments and Reauthorization Act (SARA) Section 211 (10 USC 2701). The IR 
Program is a component of DERP. 

1.1.1 Naval Base Charleston IR Program At Naval Base Charleston, a Resource 
Conservation and Recovery Act (RCRA) Facility Assessment (RFA) was prepared 
which divided the Naval Base into zones and identified Solid Waste Management Units 
(SWMU) and Areas of Concern (AOC) within each zone. The RFA evaluated each 
SWMU and AOC and determined which sites required further investigation. Based on 
the RFA, a RCRA Facility Investigation (RFI) Work Plan has been or is being prepared 
for each zone containing SWMU and AOC requiring further investigation. On 
completion of the RFI for each zone, a RFI report will be prepared for that zone. The 
RFI reports will identify SWMU and AOC containing wastes requiring remediation. 
Eventually, Corrective Measures Studies (CMS) will be prepared to determine the best 
means of remediating each site. 

1.2 INTERIM MEASURES Interim Measures (1M) performed as part of the IR 
Program are intended to eliminate sources of environmental contam;nation or limit the 
spread of environmental contaminants prior to the completion of the RFI CMS. 

1.3 SWMU 25 Solid Waste Management Unit 25 is the site of a former electroplating 
facility associated with Building 44 which is located in Zone E of the former Charleston 
Naval Complex. The electroplating facility occupied two rooms in the northwest portion 
of Building 44 which connected to an annex. The electroplating facility was bordered on 
the north by Building 5, on the south by Building 44, on the east by Avenue B, and on 

1 
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the west by Hobson Avenue. The location of SWMU 25 is provided as Figure A-1 of 
Appendix A. 

In 1997, the Environmental Detachment Charleston (DET) was tasked with the 
demolition of the Building 44 electroplating facility. This removal action is documented 
in the Completion Report titled "Process Closure/Demolition for SWMU 25 (Building 44 
Annex)," dated June 30, 1997. During Building 44 demolition it was determined 
electrical vault 7A could not be removed as planned. After removal of the fluid that filled 
the vault, it was discovered that seven high voltage electrical cables traversed through 
the vault. Since the status of the cables could not be verified by South Carolina Etectric 
& Gas or shipyard electrical drawings, no attempt was made to cut the cables and vault 
7A removal was deferred. 

In 1998, the DET was tasked with performing an investigation to 
determine/delineate the extent of contamination at SWMU 25. This investigation, 
documented in SWMU 25 Investigation Report dated September 14, 1998, revealed 
vault 7A was a source of chromium contamination. The fluids and inside surfaces of the 
vault were stained yellow with chromium (see pictures in Appendix E). 

1.4 SWMU 25 INTERIM MEASURE During the interval between the RFI and the 
completion of the CMS, it was decided by Southern Division Naval Facilities 
Engineering Command (SOUTHDIV) that an 1M would be performed by Supervisor of 
Shipbuilding, Conversion, and Repair (SUPSHIP), United States Navy (USN), 
Portsmouth Va. Environmental Detachment Charleston. The scope of this 1M was 
limited to excavation and disposal of electrical vault 7 A and associated electrical cable 
conduit. This 1M may not necessarily be the final remedial action taken at this site. This 
1M is consistent with the ultimate cleanup of SWMU 25 and is not intended to 
circumvent the public participation process inherent within environmental cleanup under 
RCRA authority. The letter of record for the approval of SWMU 21; 1M work plan is 
provided as Appendix B. 

p.9 
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2. INTERIM MEASURE EXECUTION 

2.1 ACTIONS REQUIRED BY INTERIM MEASURE WORK PLAN The following 
actions were required by the interim measure work plan: 
• Remove any fluid from within the electrical vault 
• Remove electrical service vault 7 A and associated cable conduit 
• Obtain an information sample of the soil beneath the vault 
• Dispose of the electrical cables 

• Remove any encountered groundwater 

• Backfill the excavation 

2.2 SWMU 25 INTERIM MEASURE EXECUTION SUMMARY The execution of this 
1M consisted of removing vault 7A and associated cables. The excavation began in July 
1999. Debris removed from this site was characterized as hazardous and disposed in a 
certified Subtitle C landfill. 

2.3 SWMU 25 INTERIM MEASURE CONCLUSION This 1M effectively removed the 
chromium contaminated concrete electrical vault 7A and approximately 109 feet of 
associated concrete cable conduit. Figure A-2 identifies the extent of conduit removal. 

2.4 OBSERVATIONS NOTED The bottom of electrical vault 7A had an approximate 
12 inch thick layer of deposits from the past plating operations of the plating shop. This 
layer is believed to be the source of chromium contamination that existed in electrical 
vault 7A. No groundwater was encountered during vault 7A removal. 

2.5 PLAN MODIFICATIONS AND JUSTIFICATION After the completion of actions 
required by this interim measure, SOUTHDIV issued a statement of work to include 
installing an asphalt cap over the soil where Building 44 once stood. 

3 
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3. SAMPLING 

3.1 SAMPLING EVOLUTIONS AND RESULTS One discrete soil sample was 
collected in the center of the excavation following vault 7A removal for informational 
purposes. Laboratory analytical results are provided as Appendix C of this report. 
These analyses consisted of RCRA Metals, TCLP metals, and Appendix IX volatile 
organic compounds (VOC). The sample results show only lead exceeded the soil to 
groundwater Soil Screening Levels (SSL's) listed in Table 6.2, Volume " of the 
November 1997 Draft Zone E RFI Report. Sample results and SSL's are listed below. 

Metal Analysis Result (ppm) Draft Zoue E RFI SSL (ppm) 
Mercury 0.0477 1.04 
Silver 1.38 15.3 
Arsenic 2.07 14.6 
Barium 25.7 824 
Cadmium 3.5 3.76 
Chromium 849 1,800,000 

-Lead 108 * 39.6 
Selenium 0.313 2.60 . . * Table 6.2 recogmzes lead SSL as Background, Table 5.2 of the Draft RFI lIsts the mean concentration for lead in Zone E as 39.6 ppm 

4.0 WASTE GENERATION 

4.1 HAZARDOUS WASTE A total of 50,360 pounds of chromium contaminated 
debris was disposed of to a permitted Subtitle C landfill. This debris was disposed of at 
Safety-Kleen Inc. Pinewood facility located in Pinewood, South Carolina. Waste 
manifests are provided as Appendix D. 

4.2 NON-HAZARDOUS WASTE No non-hazardous waste was generated during 
the accomplishment of this interim measure. 

p. 11 
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Apr 18 02 01: 38p CH2M Hill 850+939+0035 

K 

16(J(, _ _" S<reet 
::olumbia. SC 29201-1708 

:OMMlSStONER: 
;lou~ .. E. B'7'" 

~oAlU): 
!nha H. BlUriu 
:hlin:llll 

Yilliom M- Hull. Jr .. MD 
liccOairman 

~opr Lew. Jr . 
..-.ry 

':.ric B. K~nl 

yndi c. " .. railer 

n.. K. Smilh 

""""Y L. Gt:II\IIy 

July 7, 1999 

Henry Shepard 11, P,E, 
Caretaker Site Office 
NA \IF ACEN(,,cQM. Southern Division 
P. Q. Box 190010 
North Charleston. SC 29419-9010 

Re: Interim Measure:; Work Plan for SWMlJ 25. Dated April 9. 1999, Located in 
Zone E Charleston Naval Complex SCQ 170 022 560, Revision 1,0, Received, 
June 21). 1999. 

De'<IT Mr. Shepard: 

The South Carolina Department of Health and Environmental Control (Department) 
has reviewed the above referenced Revision I 0 Interim Measures Work Plan 
(6129199) according to applicable Sta.te and Federal Regulations.. and the Charleston 
Naval Complex Hazardous Waste Permit. effective September 17. 199~, Based on 
this review thi: referenced Interim Measure Work Plan is approved. 

Should you have 3I1y questions, please contact me at (803) 896-4185 or Mihir Mehta 
at (803) 896-4088 or Paul Bergstrand at (803) 896-4016, 

Sincerely. 

p;Rfl~ 
DaVId M. Scaturo. P.E .. P,G .• Manager 
Correcti~ Action Engineenng Section 
Bureau of Land & Waste Management 

cc: Paul Bergstrand. Hydrogeology 
Rick Richter. Trident EQC 
David Dodds. SQUTHDIV 
Dann Spariosu, EPA Region IV 

p. 14 
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GENERAL ENGINEERING LABORATORIES 
.lfeerillg lOday J needs lI'irh a risioll for wmorrou: 

Client: 

Contact: 
Project Description: 

• cc: NPWCool97 

Supervisor of Ship Building & Conversion 

SUPSHIP-Ponsmouth Detachment-Env. 

1899 North Hobson Aye. 

North Charleston. South Carolina 29405-2106 

Mr. Bill Hiers 

SUPSHIP-Ponsmouth Detachment 

Repon Date: August 04. 1999 

._._--------------------

Parameter 

!\,1"~tals Analysis 
rcury 

.• ver 
Arsenic 
Barium 

Cadmium 

Chromium 
Lead 

Selenium 

Sample ID 

LablD 

Matrix 
Date Collected 

Date Received 
Priority 

Collector 

Qualifier Result 

J 0.0470 

1380 

2070 

25700 
3500 

849000 
108000 

313 

The following prep procedures were performed: 
Mercury 

TRACE 

: 99SPORT0237-1 

: 9907929-0 I 

: Soil 

: 07/27/99 
: 07127199 
: Routine 
: Client 

DL 

0.00221 

65.5 

414 

49.1 

34.6 

69.2 
143 

246 

RL Units 

0.100 mglkg 

455 uglkg 

455 uglkg 

455 uglkg 
455 uglkg 

455 uglkg 

455 uglkg 

455 uglkg 

DF 

1.0 

2.0 

2.0 

2.0 
2.0 

2.0 

2.0 

2.0 

Page lof2 

-----_.-
i\ nalyst Date Time Batch M 

.. "------

~~MJ 08/02/99 1207 154827 I 
MBL 08/03199 1702 154580 2 

A RD 07/30199 1930 154827 3 

AIM 08/02199 1000 154580 3 

-_ .. _- .. _-_ .. _---------------------
M= Method 

MI 
M2 
M3 

Notes: 

.Method~Description 

--------------
EPA 7471A 

EPA 6010B 

EPA 3005 

The qualifiers in this report are defined as follows: 
NO indicates that the analyte was not detected at a concentration greater than the detection limit. 

iicares presence of analYle at a concentration less than the reporting limit (RL) and greater than the detection mtit (DL). 

dicates that the analyte was not detected at a concentration greater than the detection limit. 

.~ mdicates that a quality control analyte recovery is outside of specified acceptance criteria. 

11111111111111111111111111111111 HIm III nlln 1111111111111 
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GENERAL ENGINEERING LABORATORIES 

Client: 

Contact: 
Project Description: 

ee: NPWCOOl97 

,\1eeting laday',\" needy 1\,;,11 {/ l'isiOIl for r(J11lOrrow 

Supervisor of Ship Building & Conversion 
SUPSHIP-Portsmouth Detachment-Env. 
1899 North Hobson Ave. 
North Charleston. South Carolina 29405-2106 
Mr. Bill Hiers 
SUPSHIP-Portsmouth Detachment 

Report Date: August 04, 1999 

Sample ID : 99SPORT0237-1 
.-~-.. ---.------------------------M:Method 

This data report bas been prepared and reviewed 
in accordance with GeneraJ Engineering Laboratories 
standard operating procedures. Please direct 

Method-Description 

any questions to your Project Manager. Elise Hanson at 843-556-8171. 

'ewed By 

POBox 30712 • Charleston, SC 294 I 7 • 2040 Savage Road • 29407 

p. 16 
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GENERAL ENGINEERING LABORATORIES 
Meeting today's needs with a I'isionfor romormw. 

Client: 

Contact: 

Supervisor of Ship Building & Conversion 
SUPSHIP-Portsmouth Detachment-Env. 
1899 North Hobson Ave. 
North Charleston, South Carolina 29405-2106 
Mr. Bill Hiers 

Project Description: SUPSHlP-Portsmouth Detachment 

cc: NPWCoo 197 

Parameter 

Metals Analysis 
'rcury 

'er 
Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Selenium 

Sample ID 
LabID 
Matrix 
Date Collected 
Date Received 
Priority 

Collector 

Qualifier Result 

U ND 
J 25.3 

U ND 
235 

J 37.0 

260 
J 37.8 

U ND 

The follOWing prep procedures were perfonned: 
Mercwy 
TCLP Prep for Metals 

M~ Method 

MI 
M2 

M3 

Notes: 
The qualifiers in this report are defined as follows: 

Report Date: August 04, 1999 

: 99SPORT0237-1 
: 9907929-02 
: TCLP 

: 07127199 
: 07127199 
; Routine 
: Client 

DL RL 

0.000350 0.0200 
7.30 

45.1 

5.10 
4.40 
5.60 
15.9 

27.1 

Method·Description 

EPA 7470 
EPA 60lOA 
EPA 3005 

50.0 

50.0 

50.0 

50.0 
50.0 
50.0 
50.0 

Units 

mgll 
ugll 

ugll 

ugll 
ugll 
ugll 
ugll 
ugll 

ND indicates that the analyte was not detected at a concentration greater than the detection limit. 

Page lof2 

DF Analyst Date Time Balch M 

1.0 

10. 
10. 

10. 

10. 
10. 

10. 
10. 

RMJ 08102199 1704 154861 I 
lLS 07131199 1925 154870 2 

ARD 07130199 1845 154861 3 
JJ 07129199 1550 154562 3 

-·1icates presence of analyte at a concentration less than the reporting limit (RL) and greater than the detection jjmit (DL). :icates that the analyte was not detected at a concentration greater than the detection limit. 
,.dicates that a quality control analyte recovery is Olltside of specified acceptance criteria. 

. ~". 

I Innlllill IIId 11111"1'1 ""Iltlll'." n .. " ..... ".' •••• 
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GENERAL ENGINEERING LABORATORIES 

Client: 

Contact: 

Project Description: 

cc: NPWCOOl97 

Meeting roda.v·s needs with a rision for tomorro~f,,: 

Supervisor of Ship Building & Conversion 

SUPSHIP-Portsmouth Detachment-Env. 

1899 North Hobson Ave. 

North Charleston, South Carolina 29405-2106 

Mr. Bill Hiers 

SUPSHIP-Portsmouth Detachment 

Report Date: August 04, 1999 

Sample lD : 99SPORT0237-1 

M=Method 

This data repon has been prepared and reviewed 

in accordance wilh General Engineering Laboratories 

standard operating procedures. Please direct 

Method-Description 

any questions to your Project Manager, Elise Hanson at 843-556-8171. 

ewedBy 

POBox 30712' Charleston, SC 29417 • 2040 Savage Road· 29407 

p. 18 
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Client: 

Contact: 

GENERAL ENGINEERING LABORATORIES 

Supervisor of Ship Building & Conversion 
SUPSHIP-Portsmouth Detachrnent-Env. 
1899 Nonh Hobson Ave. 
'1orth Charieston, SOUlh Carolina 29405-2106 
\1r. Bill Hiers 

Project Description: )UPSHIP-Portsmouth Detachment 

cc: NPWCOOl97 Repon Date: August 17, 1999 

Sample ID : 99SPORT0254-01 
Lab 10 : 9908412-01 
Matrix : Soil 
Date Coi:ected : 08112199 
Date Ret:,~ived : 08112199 
Prioricy : Rush 
Collecto~ : Client 

Page I of3 

------~-- .. ----- ----.----- -----._------_._-- - -_ .. -----_. Parameter Qualifier 
-- .. ------ ... - - •.. -----_.---

Volatile Organics 
'Jendir IX Volatiles - 55 items 
.1.2-Tetrachloroethane U 

1.1-Trichloroethane U 
,1.2.2-Tetrachloroemane U 

1.1.2-Trichloroethane U 
1.1-DichJoroerhane U 
I.I-Dichloroethylene U 
1.2,3-Trichloropropane U 

.1.2-Dibromo-3-chJoropropane U 
I.2-Dibromoethane U 
1.2-Dichlorobenzene U 
1.2-Dichloroelhane U 
1.2-Dichloropropane U 
1.2-cis-Dichloroethylene U 
1.2-trans-Dichloroethylene U 
2-Butanone U 
2-Hexa.llone U 
4-Methyl-2-pentanone U 
Acetone U 
Acetonitrile U 
Acrolein U 
Acrylonitrile U 
Allyl Chloride U 
Benzene U 
Bromoform U 

'bon Disulfide U 
Jon Tetrachloride U 

.... nlorobenzene U 

Result DL RL Units DF 

NO 0.200 1.00 uglkg 1.0 
NO 0.100 1.00 uglkg 1.0 
NO 0.600 1.00 uglkg 1.0 
NO 0.300 1.00 uglkg 1.0 
ND 0.100 1.00 uglkg 1.0 
NO 0.300 1.00 uglkg 1.0 
NO 0.400 1.00 uglkg .1.0 
NO 0.400 1.00 uglkg 1.0 
ND 0.200 1.00 uglkg 1.0 
NO 0.500 1.00 uglkg 1.0 
ND 0.200 1.00 uglkg 1.0 
ND 0.200 1.00 uglkg 1.0 
ND 0.100 1.00 uglkg 1.0 
NO 0.100 1.00 uglkg 1.0 
ND 3.20 5.00 uglkg 1.0 
ND 2.80 5.00 uglkg 1.0 
NO 3.10 5.00 uglkg 1.0 
NO 10.3 10.3 uglkg 1.0 
NO 1.00 25.0 uglkg 1.0 
ND 4.60 10.0 uglkg 1.0 
ND 3.90 10.0 uglkg 1.0 
NO 0.400 5.00 uglkg 1.0 
NO 0.500 1.00 uglkg 1.0 
ND 0.300 1.00 uglkg 1.0 
ND 0.300 5.00 uglkg 1.0 
NO 0.500 1.00 uglkg 10 
NO 0.300 1.00 uglkg 1.0 

POBox 30712 • Charleston, SC 29417 • 2040 Savage Road· 29407 

(843) 556-8171 • Fax (843) 766-1178 

Analyst Date Time Batch M 

JEB 08113199 1422 155813 I 

*9908412-01* 



GENERAL ENGINEERING LABORATORIES 

Client Supervisor of Ship BUilding & Conversion 
SUPSHIP-Portsmouth Detachment-Env. 
1899 North Hobson Ave. 
North Charleston, South Carolina 29405-2106 

Contact: Mr. Bill Hiers 
Project Description: SUPS HIP-Portsmouth Detachment 

cc: NPWCOOl97 Report Date: August 17, 1999 Page 20f3 
. --- ._-------,-- ._------

Sample ID : 99SPORT0254-01 
-... ,----------_._------_. 
Par~lmeter Qualifier Result DL RL Units DF Analyst Date Time Batch M 
Chlorodibromomethane li ND 0.200 1.00 uglkg 1.0 
Chloroethane l NO 0.300 1.00 uglkg 1.0 JEB 08/13/99 1422 155813 I Chloroform L ND 0.100 1.00 uglkg 1.0 
Chloroprene L ND 10.0 20.0 uglkg 1.0 
Dibromomelhane U ND 0.200 1.00 uglkg 1.0 
Dichlorobromomelhane U NO 0.100 1.00 uglkg 1.0 
Dichlorodifluoromethane U NO 1.20 1.20 uglkg 1.0 
~.thylbenzene U NO 0.300 1.00 uglkg 1.0 

obutyl Alcohol U ND 6.30 10.0 uglkg 1.0 
!V1ethacrylonitrile U NO 0.900 5.00 uglkg 1.0 
Methyl BromIde U NO 0.300 1.00 uglkg 1.0 
Melhyl Chloride U NO 0.200 1.00 uglkg 1.0 
Melbyllodide U NO 0.600 5.00 uglkg 1.0 
Methyl Methacrylate U NO 0.400 5.00 uglkg 1.0 
Methylene Chloride U ND 1.40 1.40 uglkg 1.0 
?ropionitrile U NO 3.40 10.0 uglkg 1.0 
Styrene U NO 0.300 1.00 uglkg 1.0 
TetracWoroethylene U NO 0.400 1.00 uglkg 1.0 
Toluene U NO 0.900 1.00 uglkg 1.0 
Trichloroethylene 5.82 0.300 1.00 uglkg 1.0 
Trichlorot1uoromethane U ND 0.300 1.00 uglkg 1.0 
Vinyl Acetate U NO 2.10 5.00 uglkg 1.0 
Vinyl chloride U ND 0.400 1.00 uglkg 1.0 
Xylenes (TOTAL) U ND 0.700 2.00 uglkg 1.0 
bis(2-Chloromelbylethyl)elber U NO 5.09 10.0 uglkg 1.0 
cis~ I ,3-DicWoropropylene U NO 0.200 1.00 uglkg 1.0 
trans-lJ-Dichloropropylene U ND 0.300 1.00 uglkg 1.0 
trans-l,4-DichJoco·2·butene U ND 0.500 5.00 uglkg 1.0 

The following prep procedures were performed: 
Volatiles 8260 High Level 

JEB 08111199 0800 155813 2 

::> 0 Box 30712 • Charleston, SC 29417 • 2040 Savage Road· 29407 

*9908412~01 * (843) 556-817 I • Fax (843) 766'1178 



GENERAL ENGINEERING LABORATORIES 
.Iieefing (eldoy -s needs willi (I \"iSIOII ti)J" irJl1IOITrJl1: 

Client: 

Contact: 

Project Description: 

. cc: NPWCOOl97 

Supervisor of Ship Building & Conversion 
:;UPSHIP-Portsmouth Detachment-Env. 

i 899 North Hobson Ave. 

"orth Charleston, South Carolina 29405-2106 

Mr. Bill Hiers 

SUPSHIP-Ponsmouth Detachment 

Report Date: August 17, 1999 

Sample III : 99SPORT0254-01 

Surrogate Recovery Te~t Percent % Acceptable Limits 

BromoOuorobenzene 

Dibromofluoromethane 

Toluene-d8 

M=Method 
-------

• I 

Notes: 

API' 9 VOA-8260B 

API' 9 VOA-8260B 

API' 9 VOA-8260B 

The qualifiers in this report are defined as follows: 

no 
93.4 

87.2 

Method-Description 

EPA 8260B 

EPA 5035 

(73.0 - 129.) 

(66.0 - 117.) 

(73.0 - 122.) 

ND indicates that the analyte was not detected at a concentration greater than the detection limit 
J indicates presence of analyte at a concentration less than the reponing limit (RL) and greater than the detection limit (DL). 
U indicates that the analyte was not de[~cted at a concentration greater than the detection limit. 
*" indicates that a quality control analytc recovery is outside of specified acceptance criteria. 

This data report has been prepared and reviewed 

in accordance with General Engineering Laboratories 
standard operating procedures. Please direct 

any questions to your Project Manager. Elise Hanson at 843-556-8171. 

Reviewed By 

F 0 Box 30712· Charleston, SC 29417 • 2040 Savage Road' 29407 

(843) 556-8171' Fax (843) 766-1178 

Page 300 



GENERAL ENGINEERING LABORATORIES 
.Heeling today's needs Irifh 1I l·i.~i()11 for r(}J1UJrr(}1I~ 

Client: Supervisor of Ship Building & Conversion 
SUPS HIP-Portsmouth Detachment-Env. 
1899 North Hobson Ave. 
North Charleston, South Carolina 29405-2106 

Contact: Mr. Bill Hiers 
Project Description: SUPSHIP-Portsmouth Detachment 

cc: NPWCool97 Report Date: August 17, 1999 

Sample 10 : 99SPORT0254-02 
LablD : 9908412-02 
Matrix : GroundH20 
Date Collected : 08112199 
Date Received : 08112199 
Priority : Rush 
Collector : Client 

Parameter Qualilier Result DL RL Units DF 
Volatile Organics 

?endix IX Volatiles· 55 items 
,1,2-Tetrachloroethane U NO 0.300 1.00 ugll 1.0 

I • 1.1-Trichloroethane U NO 0.200 1.00 ugll 1.0 
1.1,2,2-Tetrachloroethane U ND 0.500 1.00 ugll 1.0 
1,1.2-Trichloroethane U ND 0.400 1.00 ugll 1.0 
l,l-Dichloroethane U ND 0.400 1.00 ugll 1.0 
I,I-Dichloroethylene U ND 0.700 1.00 ugll 1.0 
1.2.3-Trichloropropane U ND 0.500 1.00 ugll 1.0 J .2-Dibromo-3-cWoropropane U ND 0.600 1.00 ugll 1.0 
1,2-Dibromoethane U ND 0.400 1.00 ugll 1.0 
1,2-Dichlorobenzene U ND 0.400 1.00 ugll 1.0 
1.2-Dichloroethane U NO 0.200 1.00 ugll 1.0 
1,2-0ichloropropane U ND 0.200 1.00 ugll 1.0 
1.2-cis-Dichloroethylene U ND 0.700 1.00 ugll 1.0 
1.2-trans-DichIoroethy lene U ND 0.700 1.00 ugll 1.0 
2-Butanone U ND 5.90 10.0 ugll 1.0 
2-Hexanone U ND 3.20 5.00 ugll 1.0 
4-Methyl-2-pentanone U NO 1.60 5.00 ugll 1.0 
Acetone U NO 3.70 5.00 ugll 1.0 
Acetonitrile U NO 15.6 25.0 ugll 1.0 
Acrolein U ND 8.90 10.0 ugll 1.0 
Acrylonitrile U ND 8.20 10.0 ugll 1.0 
Allyl Chloride U NO 2.10 5.00 ugll 1.0 
Benzene U ND 0.300 1.00 ugll 1.0 
Bromoform U ND 0.400 1.00 ugll 1.0 

-bon Disulfide U ND 1.80 5.00 ugll 1.0 
)On Tetrachloride U ND 0.200 1.00 ugll 1.0 

o....nlorobenzene U ND 0.300 1.00 ugll 1.0 

POBox 30712· Charleston, SC 29417 • 2040 Savage Road· 29407 

(843) 556-8171 • Fax (843) 766-1178 
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GENERAL ENGINEERING LABORATORIES 
}Ieering today's /leeds Willi a l"isiVII for tomorrow, 

Client: Supervisor of Ship Building & Conversion 
SUPSHIP-Ponsmouth Detachment-Env. 
1899 North Hobson Ave. 
North Charleston, SOUlh Carolina 29405-2106 

Contact: \1f. Bill Hiers 
Project Description: SUPSHIP-Ponsmouth Detachment 

cc: NPWCOOl97 ReponDate: August 17, 1999 

Sample ID : 99SPORT0254-02 

Parameter Qualifier Result DL RL Units DF 

Chlorodibromomethane 
Chloroethane 
Chlorofonn 
ChJoroprene 
Dibromomethane 
Dichlorobromomethane 
Dichlorodifluoromethane 

"'ylbenzene 
Juryl Alcohol 

ethac-rylonitriie 
'Methyl Bromide 
Methyl Chloride 
Methyl Iodide 
Methyl Methacrylate 
Methylene Chloride 

yropionitrile 
Styrene 
Tetrachloroethylene 
Toluene 

Trichloroethylene 
Trichlorofluoromethane 
Vinyl Acetate 
Vinyl chloride 
Xylenes (TOTAL) 
bis(2-Chloromethylethyl)ether 
cis·} ,3-DichloropropyJene 
trans-l,)-Dichloropropylene 
trans-I,4-Dichloro-2-butene 

Surrogate Recovery 

Qromofluorobenzene 
'omofluoromethane 

.uene·d8 

'9908412·02' 

• - • _I 

U ND 0.300 1.00 ugll 1.0 
U ND 0.300 1.00 ugll 1.0 
U ND 0.700 1.00 ugll 1.0 
U ND 0.100 20.0 ugll 1.0 
U ND 0.200 1.00 ugll 1.0 
U ND 0.400 1.00 ugll 1.0 
U ND 1.20 5.00 ugll 1.0 
U ND 0.300 1.00 ugll 1.0 
U ND 36.0 50.0 ugll 1.0 
U ND 3.80 5.00 ugll 1.0 
U ND 0.300 1.00 ugll 1.0 
U ND 0.200 1.00 ugll 1.0 
U ND 5.20 10.0 ugll 1.0 
U ND 3.90 5.00 ugll 1.0 
I 1.73 1.20 5.00 ugll 1.0 

U ND 2.60 10.0 ugll 1.0 
U ND 0.200 1.00 ugll 1.0 
U ND 0.700 1.00 ugll 1.0 
U ND 0.500 1.00 ugll 1.0 
U ND 0.600 1.00 ugll 1.0 
U ND 1.70 5.00 ugll 1.0 
U ND 1.80 5.00 ugll 1.0 
U ND 0.400 1.00 ugll 1.0 
U ND 1.10 2.00 ugll 1.0 
U ND 3.70 10.0 ugll 1.0 
U ND 0.300 1.00 ugll 1.0 
U ND , 0.300 1.00 ugll 1.0 
U ND 2.80 5.00 ugll 1.0 

Test Percent % Acceptable Limits 

APP 9 VOA-8260B 83.9 (73.0 - 129.) 
APP '} VOA-8260B 102. (66.0 - 117.) 
APP" VOA-8260B 87.1 (73.0 - 122.) 

POBox 30712 • Charleston, SC 29417 • 2040 Savage Road· 29407 

(843) 556-8171· Fax (843) 766-1178 
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Client: 

Contact: 
Project Description: 

GENERAL ENGINEERING LABORATORIES 
Meeting today's needs WiTh a \'isiOIl for rnmorrow. 

Supervisor of Ship Building & Conversion 

,UPSHIP-Portsmouth Detachment-Env. 

1899 North Hobson Ave. 
'1orth Charleston, South Carolina 29405-2106 

Ylr. Bill Hiers 

SUPSHIP-Port,mouth Detachment 

Report Date: August 17, 1999 

Sample I D : 99SPORT0254-02 

Surrogate Recovery Test Percent % Acceptable Limits 

M=Method Method~Description 
-----

MI EPA 8260B 

tes: 
qualifiers in this report are deflOed as follows: 

.. ~ indicates that the analyte was not detected at a concentration greater than the detection limit. 
J indicates presence of analyte at a concentration Jess than the reporting limit (RL) and greater than the detection limit (DL). 

U indicates that the analyte was not detected at a concentration greater than the detection limit. 
*' indicates that a quality control analyce recovery is outside of specified acceptance criteria. 

This data report has been prepared and reviewed 
in accordance with General Engineering Laboratories 

srandard operating procedures. Please direct 
any questions to your Project Manager, Elise Hanson at 843-556-8171. 

Reviewed By 

'9908412-02* 

POBox 30712· Charleston, SC 29417 • 2040 Savage Road· 29407 

(843) 556-8171· Fax (843) 766-1178 
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~ 8-27-99; 9:50AM; ;8039334975 # 2/ 3 

\ 

. South Carolina Department of Healt~h 
~y\\) and Environmental Control 
~ 72.CJ/HflO~ 

Bur.au of Solid & -us Waste Mgt 
2600 Bull S1l8.~ COlumbia, SC 29201 
Phone: (803) 89&-4000 
Emergency & Holidays: (803) 253-6488 

• 
~ 
I 

PLEASE PRINT or TYPE for """ 011 ollie 

5. Transporter 1 Company Name 
Slftty-I!m (T6). Inc. 

7. Transporter 2 Company Name 

Rt 1 Box 255 
, Inc. 

- Pinewood, South Carolina 29125 
11. U.S. DOT Description. (",eluding Proper Shipping Nams, Hszard Class. and 10 Numbor) 

a. RQ, Hazardous Waste Solid, N.D.S., 9, NA3D77, 
PG III (chromium) 

15. Spacial HandIng InSlruc1lons 

WOlt cQ 3 ]C1Co( 
24 hour emergency contact: 

PrlnledlTyped Name 

Discrepancy indication Space 

l-
T 20. Facility Owner or Operator; Certification of receipt 01 haz.ardou.5 materials 
y 

Printed/Typed Name, h IV'I ;-IT <;tv-P Signa"". 

Month 

LI J lBdDh~.c.1 I~ 

~I IIbs. d.1 Ill>.. 

~ 



• ~-27-99i 9:50AM; ; 8039334.975 

South Carolina Department of Healt~~ q,O and Environmental Control .tt 1 
'I \ 19 PLEASE PRINT or TYPE for use on elite Fotm AI>\lIOVed 

9. Designated Name ADdress 
Safety-Kleen (Pinewood). Inc. 

'Rt 1 Box 255 
Pinewood, South Carolina 29125 

11. U,S. 

c. 

RQ, Hazardous Waste Solid. N.D.S •• 9, NA3D77, 
PG III (chromium) 

W04 ~3]a(jJ 
24 hour emergency contact: 

5lgnalo", 

.&crepancy Indication spsce 

# 3/ 2· 

--...... _ .... 

Year 

'" '---'-''-'l\....,L.c:L.LJ.>o~.,. .. e.I'--'L..JL..-'--'--L-JIa... 
b.1 Ills. d.1 hils . 

• ...J" T T T U •• -" ....... 









Mr. John Little, Director 
Division of Hazardous and Infectious Waste Management 
Bureau of Solid and Hazardous Waste Management 
South Carolina Department of Health and Environmental Control 
2600 Bull Street 
Columbia, SC 29201 

Dear Mr. Litton: 

Ser: 191 
March 8, 1999 

The enclosed completion report for AOC 699 Storm Drain Cleaning is submitted 
to fulfill the requirement of permit condition IV.D.6. for Permit Number SCO 170 022 
560. If the Department of Health and Environmental Control should have any questions, 
please contact Reece Batten of South em Division Naval Facilities Command at 
(843)820-5578. 

Sincerely 

/:;1}1u.--
E.R.])l~ 
Director 

Encl: 
(I) Completion Report for AOC 699 Storm Drain Cleaning 

Copy to: 
SCDHEC (Mr. Tapia, Mr. Bergstrand) 
USEP A (Mr. Spariosu) 
CSO Naval Base Charleston (Mr. Shepard) 
NA VF AC (Mr. Batten) 
Ensafe Inc. (Ms. Maddux) 
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. INTERIM MEASURE 
FOR AOC 699 STORM DRAIN CLEANING 

Naval Base Charleston 
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1. INTRODUcnON 

1.1 INSTALLATION RESTORATION PROGRAM The purpose of the Department of the 

Navy (DON) Installation Restoration (JR.) Program is to identify, assess, characterize and clean up 

or control contamination from past hazardous waste disposal operations and hazardous material 

spills at Navy and Marine Corps activities. The Defense Environmental Restoration Program 

(DERP) is codified in the Superfund Amendments and Reauthorization Act (SARA) Section 211 

(10 USC 2701). The 1R Program is a component ofDERP. 

1.1.1 Naval Base Charleston IR Program At Naval Base Charleston, a Resource Conservation 

and Recovery Act (RCRA) Facility Assessment (RF A) was prepared which divided the Naval Base 

into zones and identified Solid Waste Management Units (SWMUs) and Areas of Concern (AOCs) 

within each zone. The RF A evaluated each SWMU and AOC and determined which sites required 

further investigation. Based on the RF A, a RCRA Facility Investigation (RFI) work plan has been 

or is being prepared for each zone containing SWMUs and AOCs requiring further investigation. 

On completion of the RFI for each Zone, a RFI report will be prepared for that zone. The RFI 

reports will identify SWMUs and AOCs containing wastes requiring remediation. Eventually, 

Corrective Measures Studies (CMSs) will be prepared to determine the best means of remediating 

each site. 

1.2 INTERIM MEASURES Interim Measures (1M) performed as part of the 1R Program are 

intended to eliminate sources of environmental contamination or limit the spread of environmental 

contaminants prior to the completion of the RFI CMSs. 

1.3 AOC 699 STORM DRAIN CLEANING The storm drain system, located in Zone L of the 

RFI, has been identified as Area of Concern (AOC) 699. This system collects rainfall from 

throughout the former shipyard and naval station from an area of approximately 1,325 acres. Water 

collected by the storm drain system is ultimately discharged to the Cooper River through 

approximately 55 discharge outfa1ls. Piping materials include vitrified clay, ductile iron, PVC, 

corrugated metal, and reinforced concrete. Pipe sizes range from 4 inches in diameter to 72 inches 

1-1 



in diameter. It is estimated that during a typical Y. inch rainfall, 8.3 million gallons of water is 

collected and discharged through the storm drain system. 

The storm drain system is a gravity drain system. Surface water runoff is collected by 

shallow catch basins and flows through interconnecting piping into manholes where larger outfall 

pipes carry the water to the Cooper River. A significant portion of the area from which the surface 

water runoff is collected was utilized for a variety of heavy industrial activities over a period of 

many years which has been the primary source for the Constituents ofPotentiaJ Concem (COPC's). 

The COPC's presents include acids, solvents, surfactants, heavy metaJs, caustic solutions, petrolenm 

hydrocarbons, polychlorinated biphenyls (PCBs) and volatiles. The primary migration pathways 

associated with the storm drain system are soil, soil gas, and ground water. Ensafe/Allen & Hoshall 

performed previous sampling of Solid Waste Manuagement Units (SWMU's) and AOC's through

out the base and the sample data was used to delineate portions of the storm drain system to be 

cleaned. 19 storm drain locations with sampling results exceeding United States Environmental 

Protection Agency (USEP A) Region ill Risk Based Concentrations (RBC) residentiaJ and/or 

industrial levels were identified for cleaning. (See Table 4 of Appendix A for sample data.) 
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2. INTERIM MEASURE EXEClITION 

2.1 AOC 699 STORM DRAIN CLEANING INTERM MEASURE During the interval 

between the RFI and the completion of the CMS, it was decided by Southern Division Naval 

Facilities Engineering Command (SOUTIIDIV) that an 1M would be perfonned by Supervisor of 

Shipbuilding, Conversion and Repair (SUPSHIP), United States Navy (USN), Portsmouth Va 

Environmental Detachment Charleston (SPORTENVDETCHASN). The objective of this 1M was 

to control and/or eliminate the release of hazardous waste and/or hazardous constituents from the 

stonn drain system prior to the implementation of final corrective measures. This was 

accomplished by removing all sediments from all portions of the system down stream of locations 

identified by Ensafe/ Allen & Hoshall which contain elevated levels of COPC's. (See Table 4 and 

Figures I through IIA of Appendix A for sample data and locations.) This 1M is consistent with 

the ultimate cleanup of AOC 699 and is not intended to circumvent the public participation process 

inherent within environmental cleanup under RCRA authority. 

2.2 ACOONS REOUIRED BY INTERIM MEASURE WORK PLAN The intent of the 

1M work plan was to collect from the stonn drain system, and properly dispose ot: an estimated 325 

cubic yards of soils/sediments which contain elevated levels of COPCs. This project required hydro

blast cleaning of catch basins, manholes and associated interconnecting piping and collection of all 

soils/sediments and process water to the maximum extent practical. Use of a Vactor Jet- Radder 

truck was intended for this operation which has the capability to vacuum extract water and 

soil/sediment as it was generated. All process water used for system cleaning was collected, stored 

in tanks, sampled and characterized prior to disposal. All soil/sediment collected during cleaning 

were stored in roll-off type containers, sampled and characterized prior to disposal. A total of 42 

catch basins and 75 manholes were identified for cleaning and the table below identifies the total 

length of each size of pipe cleaned. 
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- NOMINAL SIZE OF PIPE CLEANED (INCHES) 

CORRESPONDING ESTIMATED TOTAL LENGm (FEET) 

144 

2.3 AOC 699 STORM DRAIN CLEANING INTERIM MEASURE EXEClITION 

SUMMARY The execution of this 1M consisted of cleaning catch basins piped to the storm drain 

system, isolated/abandoned catch basins, and an oil water separator along with portions of nine 

different storm drain piping runs which lead to outfalls. Each outfall is numbered starting at the 

most northern section of the shipyard on the Cooper River and increasing southward. (See Figures 

#1 through #11A, Appendix A for locations of designated pipe runs, catch basins, oil water 

separator and, manholes for cleaning). Inserting the Jet-Rodder device into a down stream manhole 

and allowing it to crawl forward to the next upstream manhole was 0 the preferred methodology in 

cleaning. Vacuuming to remove process water and sediment with contaminants was done at the 

injection point of the Jet-Rodder device. A few exceptions to this methodology existed. When 

cleaning the last pipe run to the outfall, the Jet-Rodder device had to be sent downstream and 

likewise when there was a bend in the pipeline outside of a manhole. The contractor, CSI 

Environmental of Indianapolis, Indiana, chose to clean all catch basins of different storm drain lines 

first removing sediment in the areas of the greatest CODtamination. Once the truck was full, its tank 

was drained, dumped and washed out into a 25 cubic yard dewatering roll-offbox. The water in the 

box would later be pumped to a 6,500 gallon portable storage tank leaving the sediment behind. 

Each tank when full was sampled for RCRA 8 metals and pH. If samples were within acceptable 

limits and approval obtained from North Charleston Sewer Department, the tank was emptied to the 

nearest sanitary sewer manhole. An Inductively Coupled Plasma (lCP) scan, RCRA 8 metals 

Toxicity Characteristic Leaching Procedure (TCLP), Polynuclear Aromatic Hydrocarbons (PAH), 

and Pesticides testing were performed when a dewatering roll-off box was full. Sediment removed 

from the site was characterized as non hazardous waste, and disposed of in a certified Subtitle D 

landfill. 
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2.3.1 Observations Noted Pipe run to outfall #23 adjacent to Building 2 had visible petroleum 

residue product at the bottom of the pipe. A strong petroleum odor persisted during cleaning. 

After cleaning, a sheen was noted on the water in the storm drainpipe. A cross-connect is believed 

to exist in the area, which is leaking petroleum product to the storm drain system. Samples of 

process water had high lead and chromium levels and were characterized as hazardous waste. The 

Caretaker Site Office on the base as well as the tennants of Building 2 were notified of the problem. 

(See Figure #7 and #7 A, Appendix A for the piping configuration and location.) Based on these 

observations, further investigation may be warranted. 

2.3.2 PIan Modifications and Results During vactor jet cleaning of pipe run to outfall #36, the 

last 100' was plugged with an oil absorbent snake. Attempts to remove it were unsuccessful and the 

last portion of the pipe to the outfall could not be cleaned. (See Figure #5 and #5A, Appendix A for 

the piping configuration and location.) Pipe diameter at the stoppage was estimated to be 6 inches 

instead of the 10 inches shown on base drawings. 65' of 1-114" diameter pipe between two catch 

basins shown in Figure 9A of Appendix A could not be cleaned. Due to the extremely small 

diameter, the Vactor Jet- Rodder truck's hose and jet nozzle would not fit Minimum diameter 

necessary is 3". Upon inspection of the 65' of 1-1/4" pipe, an insignificant amount of sediment was 

present. The purpose of the pipe was for pump discharge to a catch basin, and the pumping action 

would have kept sediment to a minimum. 
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3. INTERIM MEASURE OUTCOME 

3.1 SITE CONDmONS FOLLOWING COMPLETION OF'WORK. 

Following completion of all site work on 12 January 1999, a total of 29 cubic yards of stonn drain 

sediment contaminated with COPC's from the heavy industrial areas of the shipyard was removed 

and disposed of at a Subtitle D landfill. An oil water separator, 2 abandoned catch basins, 42 catch 

basins tied to the stonn drain, 75 manholes and over 12,900 linear feet of pipe were cleaned. The 

stonn drain system was returned to its nonna! use. All site equipment and tanks have been removed. 

The CSO has installed oil absorbent booms at several manhole sites on pipe run to outfall #23 to 

contain product discovered at the site. Site photographs are included in Appendix B. 

3.2 SAMPLING EVOLUTIONS AND RESULTS 

3.2.1 Process Water Sampling 6,500 gallon portable tanks were sampled when full with a 

COLIWASA tube. Grab samples were tested for pH and RCRA 8 metals. A RCRA 8 TCLP was 

perfonned for each metal with levels above 40 CFR section 261.24 Table 1, Maximum 

Concentrations of Contaminants for the Toxicity Characteristic. 

3.2.2 Sediment Sampling Two composite samples were taken in each full 25 cubic yard roll

off. The first-roll offused, roll-off#l was sampled and re-sampled after the contractor decided to 

continuing filling the roll-off. Roll-off #2 had only 4 cubic yards of sediment, and only one 

composite sample was taken. Tests perfonned on composite samples were ICP Scan for metals, 

RCRA 8 TCLP, Pesticides and Polynuclear Aromatic Hydrocarbons. See Appendix C for 

sampling documentation. 
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3.3 WASTE GENERATED 

3.3.1 Hazardous/PotentiaUv Hazardous Waste 

A total of 17,710 gallons of process water was disposed of as hazardons waste to a pennitted 

Treatment, Storage and Disposal Facility. (See Table 1 of Appendix A for Process Water Sample 

Results and Appendix C for sampling documentation.) 

3.3.2 Non-Hazardous Waste 

A total of 33.1 0 tons of non-hazardous stonn drain system sediment was disposed of to a Subtitle D 

landfill. A total of 56,000 gallons of non-hazardous process water was disposed of to the sanitary 

sewer system with North Charleston Sewer Department approval. A total of 13,000 gallons of non

hazardous process water exceeded North Charleston Sewer Department discharge requirements and 

was disposed of to a wastewater filtering facility. (See Table 1 of Appendix A for Process Water 

Sample Results, see Table 2 and Table 3 of Appendix A for stonn drain sediment sample results 

and Appendix C for sampling documentation.) 
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SAMPLE I.D. 
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TABLE! 

PROCESS WATER SAMPLE RESULTS FROM STORM DRAIN CLEANING 

VOLUMES SAMPLE # CONSTITUENT TOTALS RCRA 8 SAMPLE # TCLP RCRA 8 METALS 

& TANK S METALS (pPM) 

(99SPORl) (pPM) (99SPORl) 

VOL#lITK#1 0006-01 Mercury 0.0447 0018-01 0.000418 

VOL #lITK #1 0006-01 Silver 0.194 0018-01 ND . 
VOL#I/TK#I 0006-01 Ar.;enic 0.172 0018-01 ND 

VOL#I/TK#I 0006-01 Barium 2.160 0018-01 0.0476 

VOL#lITK#1 0006-01 Cadmium 0.177 0018-01 ND 

VOL #lITK #1 0006-01 ClJromium 18.200 0018-01 ND 

VOL #lITK #1 0006-01 Lead 42.700 0018-01 ND 

VOL #lITK #1 0006-01 Selenium 0.0232 0018-01 ND 

VOL #21TK #2 0033-01 Mercury 0033-01 ND 

VOL #21 TK #2 0033-01 Silver ND 0033-01 ND 

VOL #21 TK #2 0033-01 Ar.;enic ND 0033-01 ND 

VOL #21TK #2 0033-01 Barium 0.097 0033-01 0.0957 

VOL#21TK#2 0033-01 Cadmium ND 0033-01 ND 

VOL #21 TK #2 0033-01 ClJromium ND 0033-01 0.00598 

- VOL #21 TK #2 0033-01 Lead 0.00803 0033-01 ND 

VOL#21TK#1 0033-01 Selenium ND 0033-01 ND 

VOL #31 TK #1 0028-01 Mercury 0028-01 0.000610 

VOL #3/TK #1 0028-01 Silver 0.0185 0028-01 ND 

VOL#3/TK#1 0028-01 Ar.;enic 0.0242 0028-01 ND 

VOL #3/TK #1 0028-01 Barium 0.334 0028-01 0.076 

VOL #31 TK #1 0028-01 Cadmium 0.020 0028-01 0.00526 

VOL #3/TK #1 0028-01 Chromium 1.330 0028-01 0.0233 

VOL #3/TK #1 0028-01 Lead 3.170 0028-01 0.261 

VOL #3/TK #1 0028-01 Selenium ND 0028-01 ND 

VOL #4/TK #2 0031-01 Mercury .0031-01 0.00100 

VOL #4/TK #2 0031-01 Silver ND 0031-01 ND 

VOL #4/TK #2 0031-01 Arsenic ND 0031-01 ND 

VOL#4/TK#2 0031-01 Barium 0.125 0031-01 0.116 

VOL#4/TK#2 0031-01 Cadmium ND 0031-01 0.00453 

VOL #41TK #2 0031-01 Olromium 0.00644 0031-01 0.0115 

VOL #4/TK #2 0031-01 Lead 0.053 0031-01 ND 

VOL #41 TK #2 0031-01 Selenium ND 0031-01 ND 

ND NOT DETECTED 



TABLE 1 CONTINUED 

PROCESS WATER SAMPLE RESULTS FROM STORM DRAIN CLEANING 

VOLUME # SAMPLE # CONSTITUENT TOTALS RCRA8 SAMPLE # TCLP RCRA 8 METALS 

& TANK # METALS (pPM) 

(99SPORn (pPM) (99SPORn 

VOL #51 TK #4 0044-01 Mercury ND -. 
VOL #5/TK #4 0044-01 Silver ND 

VOL #51 TK #4 0044-01 Arsenic ND 

VOL #5/TK #4 0044-01 Barium 0.393 

VOL #5/TK #4 0044-01 Cadmium 0.00303 

VOL #5/TK #4 0044-01 Chromium 0.0691 

VOL #51 TK #4 0044-01 Lead 0.047.4 

VOL #51 TK #4 0044-01 Selenium ND 

VOL #61TK #2 0046-01 Mercury 0.0887 

VOL #61TK #2 0046-01 Silver 0.144 

VOL #61TK #2 0046-01 Alsenic 0.771 

VOL #61TK #2 0046-01 Barium 2.960 i 
VOL #61TK #2 0046-01 Cadmium 0.206 - I 

-VOL #61TK #2 0046-01 <llromimn 6.910 0056-01 0.296 

VOL #61 TK#2 0046-01 Lead 20.600 0056-01 2.470 

VOL #61TK #2 0046-01 Selenium 0.0427 . 

VOL #7/TK #4 0063-01 Mercury 0.000949 

VOL #7/TK #4 0063-01 Silver ND 

VOL #7/TK #4 0063-01 Arsenic 0.012 

VOL #7/TK #4 0063-01 Barium 0.101 . 
VOL #7/TK #4 0063-01 Cadmium 0.00245 

VOL #7/TK #4 0063-01 Chromium 0.128 

VOL #71 TK #4 0063-01 Lead 0.140 

VOL #7/TK #4 0063-01 Selenium 0.00347 

VOL #8/TK #3 0063-02 Mercury 0.000378 

VOL #8/TK #3 0063-02 Silver ND 
.' 

VOL#8/TK#3 0063-02 Arsenic 0.00723 

VOL #8/TK #3 0063-02 Barium 0.0494 

VOL #8/TK #3 0063-02 Cadmium 0.000972 

VOL #8/TK #3 0063-02 Chromium 0.0216 

VOL #8/TK #3 0063-02 Lead 0.0495 

VOL #8/TK #3 0063-02 Selenium ND 

ND - NOT DETECTED 
",,,,.,. 



TABLE 1 CONTINUED 

PROCESS WATER SAMPLE RESULTS FROM STORM DRAIN CLEANING 

VOLUME # SAMPLE # CONSTITUENT TOTALS RCRA8 SAMPLE # TCLP RCRA 8 METALS 

"'TANK # METALS (pPM) 

(99SPORl) (pPM) (99SPORl) 

VOL#9/TK#2 0063-03 Mercury 0.0915 

VOL #91 TK #2 0063-03 Silver 0.294 . 
VOL#9/TK#2 0063-03 Arsenic 0.423 

VOL #91 TK #2 0063-03 Barium 1.720 

VOL #9/TK #2 0063-03 Cadmium 0.192 

VOL#91 TK#2 0063-03 Cllromium 11.900 0068-01 7.330 

VOL#9/TK#2 0063-03 Lead 12.800 0068-01 13.300 

VOL#91 TK#2 0063-03 Selenium 0.0375 

VOL# 101 TK #1 0067-01 Mercury 0.139 

VOL#IOITK#I 0067-01 Silver 3.190 

VOL#IO/TK#I 0067-01 Arsenic 1.740 

VOL#IOITK#I 0067-01 Barium 5.660 -
VOL#IOITK#I 0067-01 Cadmium 4.710 0074-01 0.504 

- VOL #IOITK #1 0067-01 Chromium 161.000 0074-01 2.970 . 
VOL#IOI TK #1 0067-01 Lead 163.000 0074-01 9.850 

VOL#IOI TK #1 0067-01 Selenium 0.181 -
VOL #111 TK #5 0067-02 Mercury 0.143 

VOL #111 TK #5 0067-02 Silver 0.149 

VOL # III TK #5 0067-02 Arsenic 0.0752 

VOL #IIITK #5 0067-02 Barium 0.575 

VOL # III TK #5 0067-02 Cadmium 0.120 

VOL#III TK #5 0067-02 Cllromium 3.440 

VOL #111 TK #5 0067-02 Lead 5.530 0074-02 5.430 

VOL#III TK #5 0067-02 Selenium 0.00662 

VOL #121 TK #3 0073-01 Mercury 0.00\39 

VOL # 121 TK #3 0073-01 Silver ND 

VOL# 121 TK #3 0073-01 Arsenic 0.0102 

VOL # 121 TK #3 0073-01 Barium 0.0353 

VOL#I2I TK #3 0073-01 Cadmium 0.000806 -
VOL#I2ITK#3 0073-01 Cllromium 0.0210 

VOL # 121 TK #3 0073-01 Lead 0.0512 

VOL# 121 TK #3 0073-01 Selenium ND 
ND NOT DETECTED 

BOLD = VALUES EQUAL TO OR EXCEEDING TIlE RCRA LIMIT 



TABLE 1 CONTINUED 

PROCESS WATER SAMPLE RESULTS FROM STORM DRAIN CLEANING 

VOLUME. SAMPLE. CONSTITUENT TOTALS RCRA & SAMPLE. TCLP RCRA & METALS 
& TANK. METALS (pPM) 

(99SPOR1) (pPM) (99SPOR1) 

VOL # 131 TK #4 0073-02 Mercury 0.000444 -
VOL #13/TK #4 0073-02 Silver ND -. 
VOL # 131 TK .4 0073-02 Arsenic 0.006 

VOL #131 TK #4 0073-02 Barium 0.031 

VOL # 131 TK #4 0073-02 Cadmium 0.001 

VOL #131 TK #4 0073-02 Chromium 0.0197 -
VOL#131 TK #4 0073-02 Lead 0.064 -
VOL #131 TK #4 0073-02 Selenium ND -
VOL #14/TK #3 0079-02 Mercury 0.0174 -
VOL #14/TK #3 0079-02 Silver 0.0190 - -
VOL #141 TK #3 0079-02 Arsenic ND - -
VOL #141 TK #3 0079-02 Barium 0.175 

VOL #141 TK #3 0079-02 Cadmium 0.0169 

VOL #141 TK #3 0079-02 Chromium 0.690 .... , 
-VOL#14/TK#3 0079-02 Lead 1.100 

VOL#141 TK #3 0079-02 Selenium ND 

ND - NOT DETECTED 



TABLE 2 STORM DRAIN SEDIMENT SAMPLE RESULTS 

COPC COPC CONCENTItA TlON BY SAMPLE ID# (99SPORl) AND ROLL OFF # (PPM) 

0029-01 0029-02 0064-01 0064-02 OO~I 

RollolUI Roll off#1 Roll off #1 Roll off #I Roll off #2 

Arsenic 4.510 4.110 3.600 3.170 5.290 

Banum 105.000 32.000 48.100 28.300 15.900 

Beryllium 0.250 0.233 0.177 0.380 0.239 

CadmIum 3.860 2.190 2.600 2.130 0.933 

1.>1101111II1II 68.000 49.600 124.000 121.000 28.800 

Copper 348.000 1I8.0oo 251.000 478.000 508.000 

Iron 18,000.000 16,600.000 8,170.000 7,030.000 11,100.000 

Lead 244.000 217.000 258.000 410.000 170.000 

Manganese 186.000 184.000 64.300 52.100 154.000 

Thallium ND ND ND ND 0.522 

Nickel 36.000 48.000 45.600 146.000 167.000 

Dieldrin ND ND ND ND ND 
llcmio(a} ND ND 9.810 2.240 3.470 -auysene 2.090 ND 10.500 2.330 3.370 

Benzo(b) 3.290 0.940 13.100 3.000 ND 
FlllOrandIcne 

8emD(k) ND ND ND ND 3.350 
Fluorandlcne 

llcmio(a) 1.620 ND 7.350 1.770 2.970 
Pyreno 

IndcDo II, 2, 3· 1.270 ND 5.090 U40 1.270 
Cd) pyttne 

Uibcnzla, h) ND ND U50 ND ND An_ 
ND NOT DElEClED 



TABLE 3 SEDIMENT RCRA METALS TCLIP RESULTS 

COPC COPC CONCENTRATION BY SAMPLE Illf (99SPOR1) AND ROLL OFF. (pPM) 

0029-01 0029-02 0064-01 0064-02 0079-01 

Roll olUI Roll olUI Roll olf #1 Rollolf #1 Roll olf #2 

Merauy 0.000730 0.000450 ND ND ND 

Silver 0.0110 ND 0.0383 0.0309 ND 

Arsemc ND ND ND ND ND . 
Barium 0.279 0.227 0.346 0.301 0.312 

Cadmium 0.00874 0.00514 0.0462 0.0243 0.0365 

Chromium ND ND 0.0304 0.0349 ND 

Lead 0.0494 0.0774 1.120 3.040 0.944 

Selenium ND ND ND ND ND 

ND - NOT DETECTED 
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AppendixE 



MEMORANDUM 

'.- Data Validation Summary - Charleston Naval 
Complex - Zone E, SWMU 70 
TO: 

FROM: 

DATE: 

Jim Edens/CH2M HILL/GNA 

Amy Juchem/CH2M HILL/GNA 
Herb Kelly /CH2M HILL/GNA 

August 12, 2002 

CH2MHILL 

The purpose of this memorandum is to present the results of the data validation process for 
the samples collected SWMU 70 in Zone E. The samples were collected between the dates of 
March 5 and Apri112, 2001. 

The specific samples and analytical fractions reviewed are summarized below in Table l. 

The Quality Control areas that were review and the resulting findings are documented 
within each subsection that follows. This data was validated for compliance with the 
analytical method requirements. This process also included a review of the data to assess 
the accuracy, precision, and completeness based upon procedures described in the guidance 
documents such as the Environmental Protection Agency (EPA) National Functional 
Guidelines for Inorganic Data Review (EPA 1994) and National Functional Guidelines for Organic 
Data Review (EPA 1999). Quality assurance/ quality control (QA/QC) summary forms and 
data reports were reviewed. 

Samples were submitted to General Engineering Laboratories, Inc., in Gtarleston, South 
Carolina, for the following analyses: Metals following SW-846 6010/7000 Series 
methodology and Hexavalent Gtromium following method SW-846 7196. 

Sample results that were not within the acceptance limits were appended with a qualifying 
flag, which consisted of a single- or double-letter code that indicated a possible problem 
with the data. The qualifying flags originated during the data review and validation 
processes. These also include the secondary, or the two-digit "sub-qualifier" flags. The 
secondary qualifiers provide the reasoning behind the assignment of a qualifier flag to the 
data. The secondary qualifiers are presented and defined below. 

Attachment 1 lists the changes in data qualifiers, due to the validation process. 



DATA QUAUTY EVAlUATION SLt.1MAllY 

The following primary flags were used to qualify the data: 

[=] Detected. The analyte was analyzed for and detected at the concentration shown. 

UJ Estimated. The analyte was present but the reported value may not be accurate or 
precise. 

[U] Undetected. The analyte was analyzed for but not detected above the method 
detection limit. 

[Un Detection limit estimated. The analyte was analyzed for but qualified as not 
detected; the result is estimated. 

[R] Rejected. The data is not useable. 

Secondary Data Validation Qualifiers 

Code Definition 
2S Second Source 
BL Blank 
BD Blank Spike/Blank Spike Duplicate or (LCS/LCSD) Precision 
BS Blank Spike/LCS 
CC Continuing Calibration Verification 
DL Dilution 
FD Field Duplicate 
HT Holding Time 
IS In-Between (metals - B's ~ J's ) 
IC Initial Calibration 
IS Internal Standard 
LD Lab Duplicate 
LR Concentration exceeded Linear Range 
MD MS/MSD or LCS/LCSD Precision 
MS Matrix Spike/Matrix Spike Duplicate 
OT Other (see DV worksheet) 
PD Pesticide Degradation 
PS Post Spike 
RE Re-extraction/Re-analysis 
SD Serial Dilution 
SS Spiked Surrogate 
1N Tune 

2 



DATA QUALITY EVALUATION SUMMARY 

Table 1 - Chemical Analytical Methods - Field and Quality Control Samples 

.. ---IIIIIn .... __ 40284 E070VP002 03105/01 

40284 E070VP002 03/0Sl01 WG FO X X 

40284 E070VP002 5 03/05/01 WG N X X 

40284 E070VP002 03/05/01 WG N X X 

40284 E070VP012 209 03/05/01 WG N X X 

40284 E070VP012 220 40284006 03105/01 WG N X X 

40284 E070VP012 230 40284007 03/0Sl01 WG N X X 

40284 E070VP008 070VP00809 40284008 03105/01 WG N X X 

40284 E070VP008 070VP00820 40284009 03/05/01 WG N X X 

40284 E070VP008 070VP00828 40284010 03105/01 WG N X X 

40284 E070VP012 070VP01220LR 1000180914 04/05/01 WG LR X 

40284 E070VP012 070VP01220MS 1000180915 04/05/01 WG MS X 

40284 E070VP008 070VP00809LR 1000180916 04/05101 WG LR X - 40284 E070VP008 070VP00809MS 1000180917 03/05/01 WG MS X 

40284 E070VP012 070VPOl220S0 1000180963 04/05/01 WG SO X 

40284 E070VP008 070VP00809S0 1000180964 03l0Sl01 WG SO X 

40284 E070VP008 070VP00809MS 1000181460 03105101 WG MS X 

40284 E070VP008 070VP00809S0 1000181461 03/05/01 WG SO X 

40284 LABQC MB40284 1000180912 WQ LB X 

40284 LABQC LCS40284 1000180913 WQ BS X 

40284 LABOC BLANK40284 1000181459 WQ LB X 

40284 LABOC LCS40284 1000181462 WQ BS X 

40367 E070VPOOI 070VP00109 04/06101 WG N X X 

40367 E070VPOOI 070VPOO120 04/06/01 WG N X X 

40367 E070VPOOI 40367003 04/06/01 WG N X X 

40367 E070VP003 40367004 04/06/01 WG N X X 

40367 E070VP003 5 40367005 04/06/01 WG N X X 

40367 E070VP003 070VP00320 40367006 04/06/01 WG N X X 

40367 E070VP004 070VP00409 40367007 04/06101 WG N X X 

3 



DATA QUAliTY EVALUATlON SUMMARY 

-
"~, 

04/06/01 N X X 

40367 E070VPOO4 070VP00420 40367009 04/06/01 WG N X X 

40367 E070VP005 070VPOO509 40367010 04106101 WG N X X 

40367 E070VP005 070VP00515 40367011 04/06/01 WG N X X 

40367 E070VPOOl 070VPOOll1 40367012 04/06/01 WG EB X X 

40367 E070VPOOl 070VP00109LR 1000180711 04/06/01 WG LR X 

40367 E070VPOOl 09M8 1000180712 04/06/01 WG M8 X 

40367 E070VP005 1000180713 04/06/01 WG LR X 

40367 E070VPOOl 09M8 1000181483 04/06/01 WG MS X 

40367 E070VPOOl 098D 1000181484 04/06/01 WG SD X 

40367 LABQC MB140367 1000180696 WQ LB X 

40367 LABOC MB40367 1000180696 WQ LB X 

40367 LABQC LCS140367 1000180697 WQ BS X 

40367 LABQC LCS40367BS 1000180697 WQ BS X 

40367 LABQC BLANK40367 1000181482 WQ LB X 

40367 LABQC LCS240367 1000181485 WQ BS X 

40367 lA80C LCS40367 1000181485 WQ BS X 

40367 LABQC LCS40367BS 1000181485 WQ BS X 

40367 lA8QC MB240367 1000187805 WQ LB X 

40367 LABQC MB403672 1000187805 WQ LB X 

40367 LABQC LCS40367 1000187806 WQ BS X 

40367 LCS40367BS2 1000187806 WQ BS X 

40464 E070VP005 070VP00520 04/09/01 WG N X X 

40464 E070VP006 070VPOO609 04109/01 WG N X X 

40464 E070VP006 070VP00617 04/09/01 WG N X X 

40464 E070VP006 070VP00625 04/09/01 WG N X X 

40464 E070VP014 070VP01409 04/09/01 WG N X X 

40464 E070VP014 070VP01422 04/09/01 WG N X X 

40464 E070VP015 070VP01509 04109/01 WG N X X 

40464 E070VP015 070VP01516 04/09/01 WG N X X 

40464 E070VP015 070VP01522 04/09/01 WG N X X 

4 



DATA QUAUTY EVAlUATION SUMMARY 

:If ..... 

'-
40464 E070VPOO6 070HP0617 40464010 04109101 WG FD X X 

40464 FIELDQC 070EP002 40464011 04/09/01 WQ EB X X 

40464 E070VP005 070VP00520LR 1000181797 04/09/01 WG LR X 

40464 E070VP005 1000181798 04/09101 WG MS X 

40464 E070VP005 1000181815 04/09/01 WG SD X 

40464 LABQC MB40464 1000181766 WQ LB X 

40464 LABQC LCS40464 1000181767 WQ BS X 

40464 LABOC BLANK40464 1000182030 WQ LB X 

40464 LABOC 1000182032 WQ BS X 

40516 E070VP013 40516001 04/10/01 WG N X X 

40516 E070VP013 070VP01316 04/10/01 WG N X X 

40516 E070VP013 070VP01322 04/10/01 WG N X X 

40516 E070VP007 04/10/01 WG N X X 

40516 E070VP007 40516005 04/10/01 WG N X X 

40516 E070VP007 070VPOO722 40516006 04/10/01 WG N X X 

40516 E070VP009 070VPOOO09 40516007 04/10/01 WG N X X 

40516 E070VP009 070VPOOO19 04/10/01 WG N X X 

40516 E070VP009 070VP00933 04/10/01 WG N X X 

40516 E070VP010 070VP01009 0 04/10/01 WG N X X 

40516 E070VP010 070VP01019 1 04110/01 WG N X X 

40516 E070VP010 070VP01033 2 04/10/01 WG N X X 

40516 FIELDQC 070EP003 40516013 04/10/01 WQ EB X X 

40516 E070VP013 070VP01309MS 1000181947 04/10/01 WG MS X 

40516 E070VP010 070VP01019LR 1000181948 04/10/01 WG LR X 

40516 E070VP013 070VP01309LR 1000181980 04110/01 WG LR X 

40516 E070VP013 070VP01309MS 1000182040 04/10/01 WG MS X 

40516 E070VP013 070VP01309SD 1000182041 04/10/01 WG SD X 

40516 LABQC BLANK40516 1000182038 WQ LB X 

40516 LABQC LCS40516 1000187806 WQ BS X 

40694 E070VP011 070VP01109 40694001 04/12101 WG N X X 

40694 E070VP011 070VP01119 40694002 04/12101 WG N X X 

5 



DATA QUAUlY EVALUATION SUMMARY 

A"",. 

40694 E070VP011 133 40694003 04112101 WG N X X 

40694 FIELOOC 1L2 40694004 04/12101 WO EB X X 

40694 E070VP011 109LR 1000183309 04/12101 WG LR X 

40694 E070VP011 109MS 1000183310 04112101 WG MS X 

40694 E070VP011 109S0 1000183311 04112101 WG SO X 

40694 LABOC MB40694 1000183183 WO LB X 

40694 LABOC LCS40694 1000183184 WO BS X 

40694 LABOC BLANK40694 1000184228 WO LB X 

40694 LABOC LCS40694 1000184231 WO BS X 

MATRIX CODE 

- Ground Water Samples 
- Water QC Samples 

TYPE CODE 

BS - Blank Spike 
EB - Equipment Blank 

- Field Duplicate 
Native Sample 
- Matrix Spike 
- Matrix Spike Duplicate 
- Lab Replicate 
- Laboratory Blank 

6 



Inorganic Parameters 

Quality Control Review 

DATA QUAUTY EVALUATION SUMMARY 

The following list represents the QA/Q!2 measures that are typically reviewed during the 
data quality evaluation procedure for inorganic parameters. 

• Holding Times - The holding times are evaluated to verify that samples were extracted 
and analyzed within holding times. 

• Blank samples - Sample preparation, initial calibration blanks/ continuing calibration 
blanks, and equipment blanks were provided for this project. Blank samples enable the 
reviewer to determine if an analyte may be attributed to sampling or laboratory 
procedures, rather than environmental contamination from site activities. 

• Lab Control Sample (LCS) - This sample is a "controlled matrix", in which target 
parameters have been added prior to digestion/ analysis. The recoveries serve as a 
monitor of the overall performance of each step during the analysis, including sample 
preparation. 

• Field Duplicate Samples - These samples are collected to determine precision between 
a native and its duplicate. This information can only be determined when target 
compounds are detected. 

• PreIPost Digestion Spike (MSIMSD) - Spike recovery is used to evaluate potential 
matrix interferences, as well as accuracy. Precision information is also determined by 
calculating the reproducibility between the recoveries of each spiked parameter. 

• ICP Interference Check Sample - This sample verifies the lab's interelement and 
background correction factors. 

• Initial Calibration Verification - This parameter ensures that the instrument is capable 
of producing acceptable quantitative data for the target analyte list to be measured. 

• Continuing Calibration Verification - This one-point, mid-range parameter establishes 
that the initial calibration is still valid by checking the performance of the instrument on 
a continual basis. 

• ICP Serial Dilution - The serial dilution of samples quantitated by ICP determines 
whether or not significant physical or chemical interferences exist due to the sample 
matrix. 

7 



DATA QUAUTY EVALUATION SUMMARY 

Metals Analyses 
The QA/QC parameters for the Metals analyses for all of the samples were within 
acceptable control limits, except as noted below. 

Blanks 
The Metals target parameters detected in blank samples are listed in Table 2. 

TABLE 2 
Blank Contamination: Metals 
Charleston Naval Complex, Zone E, SWMU 70, Charleston, SC 

< 6.15 ug/L 

< 145.5 ug/L 

<4.64 ug/L 

< 1.36 ug/L 

< 3.675 ug/L 

< 21.9 ug/L 

< 18.6 ug/L 

<3.15ug/L 

<28.0 ug/L 

< 82.5 ug/L 

< 3.865 ug/L 

< 28.0 ug/L 

< 11.95 ug/L 

Iron < 18.95 ug/L 

Iron < 39.7 ug/L 

Manganese < 2.84 ug/L 

If a target parameter was reported in a field sample, and the concentration was below the 
level determined to be due to blank contamination (5 times the concentration in the 
associated QC blank samples), it was flagged as "U", not detected. Initial and continuing 
calIbration blanks were also evaluated for possible contamination. 

The results qualified due to blank contamination are listed in Attachment 1. 
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DATA aUAUTY EVALUATION SUMMARY 

Recoveries - Matrix Spike/Matrix Spike Duplicate (MSlMSD) and Laboratory 
Control Sample (LCS) 
All Matrix Spike (MS), Matrix Spike Duplicate (MSD) and Laboratory Control Sample (LCS) 
recoveries were within acceptable quality control limits, except as noted in Table 3 below. 

TABLE 3 
MSIMSD Recoveries Olll of QC Limits: Metals 
Charleston Naval Complex, Zone E, SWMU 70, Charleston, SC 

40284 070VP00809 MSIMSD Chromium 

40694 40762001 MSiMSD Iron 

• - oul of conlrollimils 

General Chemistry Analyses 

66' 166' 80-120 40284-AII 

120/122' 80-120 40694 - All 

Delects-J, non
delects-W 

Delects-J 

The QA/Qf2 parameters for the General Chemistry analyses for all of the samples were 
within acceptable control limits, except as noted below. 

Holding Times 
Hexavalent chromium has a 24 hour holding time from time of collection to time of analysis. 
Samples in SDG's 40284, 40367, and 40464 were received by the lab past the 24 hour holding 
time. They were analyzed within a few hours of receiving the samples. Due to laboratory 
error, several samples in SDG 40516 had to be reanalyzed 16 days past holding time. Detect 
compounds were qualified "J", and non-detected compounds qualified "UJ". The following 
samples were affected: 

• SDG 40284: All samples 
• SDG 40367: 40367005 
• SDG 40464: 40464001,40464002,40464003,40464004,40464005, and 40464010 
• SDG 40516: 40516003,40516004,40516005,40516006, and 40516009 

Blanks 
Hexavalent chromium was detected in the equipment blank, 070EP003, in SDG 40516 at 
0.055 mg/L. Sample results less than 5 times the concentration in the associated equipment 
blank sample were flagged as "U", not detected 

9 



DATA QUAUTY EVAlUATION SUMMARY 

Rejected Data 
No data were rejected for this sampling event 

Conclusion 
A review of the analytical data submitted regarding the investigation of Zone E, SWMU 70, 
at the Charleston Naval Complex, Charleston, South Carolina by CH2M HILL has been 
completed. An overall evaluation of the data indicates that the sample handling, shipment, 
and analytical procedures have been adequately completed, and that the analytical results 
should be considered usable as qualified. 

One equipment blank sample was not correctly logged into the laboratory information 
management system. The sample ID on the Chain of Custody was 070EPOOIL1, but logged 
in as 070VPOOILl. Therefore, Sample ID 070VPOOIL1 was used for the equipment blank. 

The analytical data had minor QC concerns as indicated above, however, it did not affect 
data usability for those specific results. The validation review demonstrated that the 
analytical systems were generally in control and the data results can be used in the decision 
making process. 

10 
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1.0 INTRODUCTION 

This report addresses the Feroxsm powder injection activities conducted by ARS Technologies 
Inc. (ARS) at the SWMU-70 site, Charleston Naval Complex in North Charleston, South 
Carolina from January 8, 2002 to January 28, 2002. 

2.0 PROJECT BACKGROUND 

The SWMU-70 site is located at the Charleston Navel Complex in North Charleston, SC, and 
includes an area containing the northwest corner of building 5 and the southwest corner of 
building 3 (Figure 1). Historical operations at the site included the use of a chemical dip tank 
that was used to treat wood with fire retardant chemicals. )'his tank was removed in 1981, when 
operations at the site began receiving pre-treated lumber. The overall goal for this project is to 
reduce concentrations of hexavalent chromium in ground water to levels below 100 micrograms 
per liter (J.lgIL), or to the maximum extent possible. The area shown in Figure 1 and designated 
as the Target Treatment Zone (TTZ) was the boundary for the treatment operations and 
encompasses an area of approximately 120-feet by ISO-feet. 

SWMU-70 contains numerous buildings with both active and inactive utilities prevalent 
throughout the site. The majority of the site is asphalt paved. 

2.1 Regional Site Geology and Hydrogeology 

The geology at the SWMU-70 site consists of predominantly fine sands and sandy silts 
interbedded with sand to depths of 24 feet bgs. Thin plastic clay stringers have also been 
identified at depths greater than 15 feet bgs. An aquitard boundary is present at approximately 
24 to 31 feet bgs consisting of dense dark olive silty clay. 

Soil and groundwater sampling indicates that antimony, chromium, chloroform, 1,2-DCE, PCE, 
and TCE are present in deep groundwater at concentrations that equal a risk above lxlO-6 and lor 
a Hazard Index (HI) above 1. Chromium was reported as the source of the ill. Aluminum, 
antimony, cadmium, chromium, benzene, chlorobenzene (CB), 1,2-DCE (total), and TCE were 
identified in the shallow groundwater as constituents of potential concern (COPS). Chromium 
was reported to be the most significant component of the ill at monitoring wells E07OGWOOI, 
E070GW002, and E549GW003. Concentrations in E070GWOlD were reported as high as 
52,500 ugIL in previous site investigations. 

2.2 Groundwater and Soil Sampling 

Groundwater samples were collected within the target zone on September 27, 2001 for use in 
baseline analysis and for preparation of reactor vials used in a bench scale treatability study. 
Groundwater samples were collected from well E070GWOID, where historically high elevations 
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of Cr(VI) have been documented. The groundwater sampling was conducted in accordance to 
low-flow protocol in order to provide accurate field parameters such as dissolved oxygen (DO). 
oxidation-reduction potential (ORP). and pH. 

Two soil cores were also collected from the TIZ in locations on either side of well E070GWOID 
using a direct push drill rig (Figure 1). These cores were collected in butyrate sleeves. capped. 
sealed. and sent to ARS where they were logged and sampled immediately upon arrival. 

Figure 1. Location ofTIZ at SWMU-70. Charleston Naval Complex. SC. 
, , 

\ tN , , , , 
\ , , 

3.0 TECHNOLOGY BACKGROUND 

3.1 Ferox sm 'frea1ment Technology 

ARS' Feroxsm technology is a patented in-situ subsurface remediation process for the treatment 
of soluble metals. The Feroxsm technology involves the subsurface injection and dispersion of 
specific quantities of highly reactive zero-valent iron powder into saturated or unsaturated 
contamination zones. 

Physical characteristics of a soil will typically govern the emplacement mechanism of the zero
valent iron powder. These mechanisms can be characterized into three categories; dispersion. 
fluidization, or fracture filling (Figure 2). In porous materials such as gravel, the injection of 
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iron powder will result in the dispersion around soil or rock particles, and will travel as far as the 
energy of the gas carrying the particle maintains enough energy to keep it from settling. In loose 
sand deposits, the injection of high volumes of gas and slurry will result in local fluidization of 
the formation causing iron particles to get "mixed" within the soil matrix. In more cohesive soils 
such as clays and silts, the high volume/pressure injections will result in pneumatic fracturing of 
the formation. The emplacement of iron will be governed by the flow of gas in the fractures and 
the iron particles will settle as the kinetic energy decreases. In field applications of the injection 
process, iron powder emplacement within a geologic formation will typically exhibit more than 
one of these mechanisms. 

F· 19ure 2 M h . ec anlsms 0 f· Iron pow d er emplacemen td . unng IDjectlon 

o 0000 0 
0000000000000 

000°00 oog_--6~?"c:5/.-"~oo 
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000 go 0"0000 
ooogooo 
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pore spaces 
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~ ogooooo'b°o 00000~:/(,o0'b° 

Dilute Phase~ '?Q~Q.Q.q'Q.9J9:J. 000o~i:>o'booo 00 
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b) high volumes of gas cause fluidization of formation. causing 
iron to mix with soil 
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c) iron powder is emplaced within the dilated fracture 

fum u.s. """,,,,6,012.517 

3.2 Zero-Valent Iron Reduction of Cr+6 
When naturally occuring in groundwater, chromium occurs in two states, Cr(ID) and Cr(VI). The 
ionic state of chromium is strongly dependent on the pH and Eb of the groundwater. The Cr(ID) 
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ionic state exists as Cr(Omz
+ in the pH range of 4 to 6.5 and exists as an insoluble hydroxide 

Cr(Om3 when the pH is approximately 6.5 to 10.5. 

Cr(VI) species are more likely present in alkali and aerobic environments. In groundwater Cr(VI) 
exists as oxyanions HCr04' (dichromate) at pH less than 6 and crO/ (chromate) at pH greater 
than 6. Because Cr(VI) species are charged negatively, their sorption onto most soil particles 
(having the same negative charge) is poor and decreases at higher pH values. These chromate 
oxyanions are of greatest environmental concern due to their toxic and carcinogenic properties 
and their greatly increased subsurface mobility when compared to a relatively less toxic and 
immobile Cr(III) species. 

Redox reaction with ARS' FeroxSM ZVI powder involves Feo oxidation with dissolved oxygen 
and subsequent chromate ion reduction with Fe (II) cations. 

In a reducing environment, the iron will react following equation (1); 

(1) 

When oxygen is present, the iron will react following equation (2); 

Feo + 1.502 + 6W = Fe(Om3 + 1.5H2 (2) 

With the presence of chromate, the net reaction will be; 

Feo + crO/-+4HzO = Fe(OH)3 + Cr(Om3 + 20Ir (3) 

Standard electrode potentials at 25°C are -440 m V for the reaction Feo +2e' = Fe2
+ and -0.771 

mV for the reaction Fe2
+ + e' = Fe3

+. The ZVI iron provides a source of ferrous iron without 
having to introduce a ferrous salt, such as ferrous sulfate or ferrous chloride. Sulfate or chloride 
can tend to bring metals into solution. The reaction of ferrous iron alone has sufficient 
electrochemical reduction potential to reduce Cr(IV) to the insoluble Cr(III), however the ZVI 
provides the additional 440 m V for reduction of Cr(VI), without introducing other anions into 
the subsurface system. 

Reactions (1) and (2) increase pH of the system and generate insoluble Cr(III) hydroxide or solid 
solution (Crx Fe).x)(Om3 as a result of the chromate reduction. In most cases, the hydroxide that 
is created is buffered by the soil in the system. . 

Once reduced, Cr(III) is significantly more stable than Cr(VI) as it forms complexes with ferrous 
iron and has the tendency to precipitate out of solution. The reversal of the chromium oxidative 
state from trivalent to hexavalent is highly unlikely and can only occur under extreme oxidizing 
conditions not expected to be encountered under natural conditions at SWMU-70. That is, there 
are no known naturally occurring environmental conditions that will oxidize Cr(III) to Cr(VI) . 
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4.0 BASELINE ANALYSIS 

Two groundwater samples were collected in 40ml sample vials and sent to New Jersey 
Analytical Laboratories (NJAL) for analysis of Cr(Vn and Cr(total), respectively. In addition, 
one soil sample was collected and sent for Cr(Vn and Cr(total) analysis using Standard Methods 
3500 or EPA method 7190 (Chromium - Atomic Adsorption, Direct Aspiration). These values 
provided baseline data that was used in the design of required iron dosages in the treatability 
study. 

In addition, CVOCs were analyzed due to the competing nature of the reactions with iron 
powder, specifically the degradation of TCE. Historical records indicate that TCE, as well as its 
associated daughter products have been identified in groundwater from SWMU-70. The 
presence of significant concentrations of CVOCs would require increased dosages of iron 
powder. 

To determine the concentrations of chlorinated VOCs in groundwater samples, EPA methods 
5030B (Purge-and-Trap for Aqueous Samples) and 802lB (Aromatic and Haloginated Volatiles 
by GC Using Photoionization andlor Electrolyte Conductivity Detectors) were used. These 
methods are referenced in the most recently published edition of EPA publication SW -846, "Test 
Methods for Evaluating Solid Waste". 

5.0 TREATABILITY STUDY SET-UP 

The purpose of the treatability study was to generate site specific data to determine the target 
dosage of FeroxSM powder needed for field injections. 

The treatability of Cr(VI) reduction with Feo powder was carried out following the specifications 
presented in the workplan, submitted to CH2M-Jones on September 21,2001. The treatability 
test was conducted in sealed 250ml plastic micro-batch reactors that were sealed without 
headspace with defined quantities (approximately 50g to 100g) of contaminated soil, F-200 iron 
powder, and a minimum of lOOm1 of site groundwater. The soil used to create these reactors was 
taken from the soil cores collected within the TfZ, and was selected to be most representative of 
the site conditions. 

Iron to Cr(VI) mass ratios of 1000: 1 and 4000: 1, respectively, were used in the treatability test 
based on successful results using these ratios in past studies of Cr(VI) reduction using zero
valent iron. 

Once all micro-batch reactors were prepared, they were placed in a rotator and mixed at a speed 
of lOrpm. The purpose of mixing during laboratory bench-scale testing is to determine the ideal 
reaction kinetics with site-specific groundwater and soil. Although this setting would be 
difficult, if at all possible, to achieve in a field application, it provides the minimum required 
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dosage of iron needed for treatment. The amount of iron needed in field applications is then 
calculated by using this base amount, while taking into account subsurface heterogeneities 
including soil and contaminant concentrations, as well as a conservative factor of safety. 
Concentrations of Cr(VI) and Cr(total) in the micro-batch reactors containing iron powder and 
the control vials were measured at days 0, 5, 10, and 30. 

A separate micro-batch reactor was used as a control for each iron powder to contaminant ratio 
for each measurement at the designated days (i.e. the micro-batch reactors were sacrificed during 
each analysis). 

All samples were prepared and analyzed at NJAL following EPA protocol. Split Hexavalent 
chromium analysis for days 0 and 30 were conducted at a certified laboratory for verification. 
The outline for this testing was presented in the work plan, submitted to CH2M-Jones on 
September 21, 200 1. 
For each reactor vial, analysis included total hexavalent chromium and total chromium in 
aqueous phase, total chromium in soils, and total hexavalent chromium in soils. Cr(llI) was 
determined as the difference in the two values. All aqueous samples collected in the field for 
hexavalent chromium were filtered using a .45/lm filter. 

5.1 Detennination of' Cr(III) and Cr(VI) in Reactor VmIs 

The chromium concentrations were determined in all sediment-water slurry samples. To 
determine the concentrations of Cr(VI) during the baseline and treatability testing, US EPA 
Methods 7190 and/or Standard Methods 3500 were used. For days 0 and 30, split hexavalent 
chromium analysis was performed as a verification of results. The split hexavalent chromium 
analysis is a more expensive colorimetric method resulting in values that are slightly more 
accurate. Prior to analysis, samples were kept at 4°C. Due to the difficult and expensive nature 
of analyzing for Cr(llI) in the laboratory, it was calculated as the difference between total and 
hexavalent chromium. 

5.2 Other Chemical Parameters 

In addition to Cr and CVOC analysis, geochemical parameters such as pH, ORP, and DO were 
measured. 

5.2.1 pH Measurements 

The pH of samples was determined in accordance with EPA method 9045C using a standard 
glass electrode. As a result of treatment with iron powder, an increase in pH was expected and 
was therefore measured throughout the treatability study . 
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5.2.2 ORP Meamrements 

The oxidation-reduction potential (ORP) is a measure of electron activity and is an indicator of 
the relative tendency of a solution to accept or transfer electrons. During the treatability study, 
the ORP was monitored using an AgI AgCl reference electrode. ARS is not aware of any EPA 
methods for ORP measurements, therefore the manufacturer's (e.g. Orion Research, In. or 
equivalent) instruction on the use of the electrode and meter was followed. 

5.2.3 Dissolved Oxygen 

As the reduction of Cr(VI) progresses, the amount of Dissolved Oxygen (DO) in the system will 
decrease. Changes in DO, therefore, can provide supplemental evidence that reduction reactions 
are taking place. DO in baseline analysis could also indicate that proper field conditions are 
present for the reduction of Cr(VI). 

5.2.4 Turbidity 

Turbidity was measured in all reactor vials during the treatability study to determine if there was 
a correlation between reducing trends and turbidity. It was also suspected that higher turbidity 
levels could result in elevated levels of chromium due to bonding between chromium molecules 
and particles within the groundwater. 

6.0 TREATABILITY RESULTS 

6.1 Introduction 

Groundwater samples from all prepared reactor vials were analyzed for total and hexavalent chromium at 0, 
5, 10 and 30 days from the start of the test, respectively. For each designated day, groundwater from a 
control vial and two reactor vials with different iron to contaminant mass ratios (1000: 1 and 4000: 1) were 
analyzed. The amount of trivalent chromium was detennined as the difference between the tota1 and 
hexavalent chromium. Sediment from the reactor vials was analyzed for total and hexavalent chromium at 
days 0 and 30. In addition, geochemical parameters including pH, oxidation-reduction potential (ORP), and 
dissolved oxygen (00) were analyzed throughout the testing. These parameters were analyzed to 
determine the response of the system to the reduction of hexavalent chromium by zero-valent iron. The 
following sections discuss these results. 

6.2 GrolUldwater 

Table 1 and Figures 3, 4, and 5, present all chromium analysis conducted in groundwater 
samples collected from the reactor vials from days 0, 5, 10, and 30. Results indicate total 
reduction of hexavalent chromium in groundwater after 30 days in reactor vials containing iron 
to contaminant ratios of both 1000: 1 and 4000: 1. A significant drop in the control is observed 
after five days (from 34.6mgll to 17.3mgll) but remains constant for the remainder of the study. 
This initial drop is attributed to natural reduction of the hexavalent chromium in the reactor vials, 
possibly by biological processes . 
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Total chromium in groundwater also decreases to near zero values after 30 days (Figure 3). This 
drop in total chromium is attributed to the reduction of hexavalent chromium (naturally soluble) 
to trivalent chromium (naturally insoluble). As the reduction of hexavalent chromium 
progresses, there is a corresponding drop in total chromium in groundwater. Conversely, as 
hexavalent chromium reduces to trivalent state and precipitates from solution, an increase in 
trivalent chromium over time is seen in the sediments (section 9.2.3). The decrease in total 
chromium in the control vials is likely attributed to natural biological processes. 

The concentration of trivalent chromium in groundwater, calculated as the difference between 
total and hexavalent chromium, is observed to decrease with time in all reactor vials (Figure 4). 
Since trivalent chromium is naturally insoluble, the higher levels at early times may be a result of 
trivalent chromium that is suspended in solution and subsequently analyzed. The decrease in 
trivalent chromium over time is greater in vials with higher iron concentrations and may be a 
result of the Cr+3 forming complexes with the iron powder. 

Thble 1. Ouumium analysis results from treatability testing. 

Chromium Concentrations in Reactor VwIs (mgIL) 

Control 1000:1 4000:1 

Days 0 5 10 30 0 5 10 30 0 5 10 30 

ThtaI 

Chromium 77 36 41 20.7 77 12.1 7.9 0 77 7.6 10.4 0.3 

Hexavalent 

Chromium 
34.6 17.3 17.3 19.2 34.6 0 2.9 0 34.6 1.1 6.4 0 

llivalent 

Chromium* 
42.4 1B.7 23.7 1.5 42.4 12.1 5 0.3 42.4 6.5 4 0.3 

*caJculated as the difference between TotaJ and Hexavalent chronnum 
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Figure 3. Total Chromium concentrations in reactor vials over time. 

~ 100 
..J 
1» 80 E 

~ ~ -+-Control c 60 0 

\. "" __ 1000:1 ;::: 
E 40 .A -ir-4ooo:1 .. , ... 

~ c 
8 20 c ~ 0 
0 0 

a-

0 5 10 30 

Elapsed Time (Days) 

Figure 4. Trivalent Chromium concentrations in reactor vials over time. 
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Figure 5. Hexavalent Chromium concentrations in reactor vials over time. 
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The treatment effectiveness of the iron powder with groundwater containing hexavalent 
chromium can be seen visually between the Day 0 and Day 30 reactor vials (Figure 6). 
Groundwater collected from the treatment area during baseline sampling has a deep yellow color 
(Figure 7b). Mter 30 days, the water is clear of the yellow color. which is likely a direct result 
of the hexavalent chromium precipitating from solution due to reductions caused by the ZVI 
powder. 
7 

Figure 6. Groundwater from SWMU-70 in reactor vials containing a) iron powder and 
soil after 30 days b) no iron powder 

Results from days 0 and 30 for reactor vials containing iron to contaminant ratios of 1000: 1 and 
4000: 1 were analyzed using a split-hexavalent chromium technique for verification purposes. 
This technique offers a slightly more accurate representation but is much more expensive to 
conduct. These results are presented in Table 2 and indicate that the results obtained using the 
chlorimetric technique correlated well with those obtained using the split-hexavalent chromium 
technique . 

.. ARS Technologies, Inc. 



May 10,2002 
FeroxSM Powder Injections; Report of Results 
SWMU-70, Charleston Naval Complex 
Page 11 

T hI 2 C a e . f aI . I . ompanson 0 sample an lYSIS usmg co onmetnc an d r h h· spllt- ex tee mques 
Parameters Day 0 Dav30 

Control 1000:1 Fe to Contaminant 4000:1 Fe to Contaminant 
ratio ratio 

Colorimetric SpHt-Hex Colorimetric SpHt-Hex Colorimetric SpHt·Hex 
Total 77 65 ND ND ND 0.3 
Chromium 
Hexavalent 34.6 35.3 ND ND ND ND 
Chromium 
Trivalent 42.4 29.7 ND ND ND 0.3 
Chromium 

6.3 Sediment 

Chromium analysis was perfonned on sediments from the reactor vials on days 0 and 30. Due to enurs in 
the chain of custody fonns sent to the laboratory, no analysis was perfonned on days 5 and 10. Thble 3 and 
Figure 7 present the results from these analyses and indicates totaI reduction of hexavalent chromium after 
30 days, while totaI chromium remains relatively stable. The increase in trivalent chromium is a result of 
hexavalent chromium reducing to trivalent state. 

T hI 3 Chr a e . OlDlum res u1. di tsm se ments unng treata I Ity testmg. d . bT 
Parameters Concentration (m2lkcl 

Dal'O Day 30 
Total Chromium 190 182 
Hexavalent Chromium 57.3 0 
Trivalent Chromium 132.7 182 

Figure 7. Chromium concentrations in sediments during treatability testing 
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6.4 Geochemical Parameters 

Geochemical parameters including pH, ORP, DO, and turbidity were measured from all reactor 
vials throughout the treatability study. These parameters assist in determining the redox 
conditions that take place during the reduction of hexavalent chromium and can be used as 
guidelines when monitoring the treatment system in the field. 

6.4.1 pH 

pH values in reactor vials containing both 1000: 1 and 4000: 1 mass ratios of iron 10 contaminant show an 
increasing trend in the first 10 days (Figure 8). This trend is indicative of the reductive process by zero 
valent iron and is caused by the increased production of hydroxyl ions [Olf]. After 30 days, pH levels in 
the reactor vial containing an iron to contaminant ratio of 4000: 1 is shown 10 decrease and is likely due 10 

hydroxyl ions precipitating with iron, fonning ferric hydroxides. pH values in the reactor vial containing an 
iron 10 contaminant ratio of 1000: 1 continues 10 increase at day 30. 

The control vial indicates a low initial pH but maintains a steady value from 6 10 6.3 from days 5 through 
30. 

Figure 8. pH values in reactor vials during treatability testing 
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6.4.2 ORP 

ORP measurements from reactor vials show a significant decrease over the initial 10 days (FIgure 9). This 
indicates that the system is becoming more reductive over time due 10 the presence of the zero-valent iron 
powder. After 10 days, the ORP values in the reactor vial containing an iron 10 contaminant mass of 1000: 1, 
increase 10 positive values indicating that the system is returning 10 an oxidative state. In the vial containing 
an iron to mass ratio of 4000:1, the reductive trend continues 10 30 days, becoming more reductive over 
time. The fate of the iron after the reactions are complete, will depend on the ambient conditions. If 
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conditions remain reducing, then ferris iron will remain in solution. Under oxidizing conditions, the iron 
will precipitate as ferric iron. 

Figure 9. ORP measurements in reactor vials during treatability testing 
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6.4.3 Dissolved Oxygen 
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Dissolved oxygen measurements made during the treatability test are shown in Figure 10. During the first 
ten days, the dissolved iron concentrations are observed to decrease, which is indicative of the oxidation of 
the zero..valent iron. This decreasing trend continues in the reactor vial containing an iron to contaminant ---', 
ratio of 4000: I, however, dissolved oxygen concentrations increase in the control and the 1000: 1 reactor vial 
at day 30. h is unclear what mechanism is causing this increase in 00, but may be a result of hydroxide 
ions exchangiitg with oxygen present in the soil, or potentially a leak: in the system. Based on ORP values in 
the previous section, these dissolved oxygen concentrations seem unrealistically high and are likely a result 
of a leak: in the system. 

Figure 10. Dissolved oxygen in reactor vials during treatability testing. 
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6.4.4 Turbidity 

Turbidity was measured in all reactor vials during the treatability study to determine if there was a correlation between reducing trends and turbidity. Turbidity measurements are presented in nephelometric units and represent the amount of particles that are present in the groundwater samples. Figure 11 shows the results from the treatability study and indicates that a substantial increase in turbidity had occurred during the final sampling round in the control vial. Increases were also evident in the reactor vials containing iron to contaminant mass ratios of 1000: 1 and 4000: 1. It is unclear what may have caused this increase but may be due to accidental disturbance of the samples prior to measurements. No trend between the turbidity values and the reduction of Cr+6 is evident. 

Figure 11. Turbidity measurements made during the treatability tests in all 
reactor vials. 

6.5 Conclusions 
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Treatability lab testing of hexavalent chromium reduction with zero-valent iron powder indicates that both a 1000: 1 and 4000: 1 iron to contaminant mass ratio was sufficient to reduce hexavalent chromium to non-detectable levels in both groundwater and soil after 30 days. However, geochemical parameters indicate that after 30 days, the reactor vials containing a 4000: 1 iron to contaminant mass ratio maintained a reducing environment while oxidizing trends were reported in the vial containing an iron to contaminant ratio of 1000:1. 

* •••. •• 
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Based on these results, an iron dosage of greater than 1000: 1 was determined to be adequate to 
reduce the concentrations of hexavalent chromium at SWMU-70. A design dosage of 2500: 1 
was selected, which would provide a conservative factor of safety and ensure that target 
treatment levels would be reached. 

7.0 INTERNAL QUALITY CONTROL 

Reliable sampling and analytical measurements of environmental samples requires continual 
monitoring and evaluation of the measurement processes involved (i.e. quality assurance). To 
insure valid data generation, a scientifically sound and strictly adhered to quality control program 
must be incorporated in sample collection and the analytical laboratory program. Such a QC 
program employs a prescribed sequence of routine procedures to control and measure the quality 
of data generated. Inherent to this program is the use of scientifically sound sample collection, 
approved analytical methods and calibration protocols. 

7.1 QCforSampIePreparation 

All field groundwater samples were performed in accordance with the NJDEP low flow 
sampling protocol. All samples were promptly collected, sealed, properly labeled and shipped 
overnight to NJAL for analysis. Groundwater for the treatability study was stored in a cool room 
at 4°C until reactor vials were prepared. Temperature blanks were placed inside sample-storage 
coolers to ensure adequate maintenance of temperature during transportation. Proper 
documentation including the chain of custody and equipment calibration record were followed. 

Similarly, all soil samples were shipped promptly to ARS on completion of sampling, with 
proper documentation including chain of custody (Appendix E). 

7.2 QC for Laboratory Analysis 

QNQC measures for EPA methods and 8021B, 7190, and Standard Methods 3500 were 
followed as outlined in the workplan. 

7.2.1 Metlwd/Reagent Blanks 

All parameters analyzed in the laboratory require the analysis of a method or reagent blank, with 
each batch of samples analyzed, or every 20 samples, whichever is more frequent. A method 
blank consists of an aliquot of reagent water carried through all preparation and analysis steps, 
and is designed to document that the analytical equipment and reagents are free of contamination 
and/or interferences . 
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7.2.2 Duplicate InjectionAnalysis 

Duplicate injections were used to evaluate the precision of chromium analysis. The data from 
duplicate injections of the first and each subsequent eighth sample in a batch will generate RPD 
(12.5% frequency). The acceptance criteria are a deviation of duplicate concentrations of not 
more than 15% from the average value. 

7.2.3 QC Check Standard 

At least three calibration standards containing defined quantities of contaminant of concern were 
prepared from purchased certified reagents or their mixtures dissolved in methanol and sealed in 
glass ampoules. The prepared standards were stored in a refrigerator. An aliquot of these 
standards was analyzed daily as a means of verifying accuracy of the calibration curve. 
Deviation of standard concentrations should not exceed 15% from the average value. Otherwise, 
all standards will be analyzed and recalibrated. 

7.2.4 DosageofSamplesforAnalysis 

All analytical data for soil and groundwater analysis should be within the calibration curve data. 
Since the concentration levels of the targeted VOCs in soil and groundwater may not be within 
the calibration curve, corrections in volumes of samples injected into the GC column (i.e. sample 
dilution) will be undertaken in order to receive results within the calibration curve. 

For Chromium analysis, enough known samples should be sampled to determine estimates for 
the method detection limit and linear calibration range. 
I 

7.2.5 Corrective Action 

The need for corrective action can potentially corne from several sources: equipment 
malfunction, QNQC checks outside the acceptance criteria, and noncompliance with 
samplinglanalysis/QA requirements. In all instances, the individual directly performing the 
measurement task will be responsible for identifying any existing or potential problems with the 
protocols, equipment or method. If the individual identifying the problem can correct it 
independently, such corrective action must take place before any further analysis occurs. 

The corrective actions to be taken must be determined on a case by case basis, taking into 
account the nature of the problem and the extent of the error. If at any time during analysis a 
process is out of control, corrective actions shall be taken and documented with regard to: 

• What actions were taken to bring the process back into control. 
• What actions were taken to prevent recurrences of the out of control situation. 
• What was done with data obtained while the process was out of control. 
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7.3 QC for 'fteatability Studies of Chromium Reduction 

The treatability studies of the chromium reduction with iron powder were carned out in a manner 
that will result in accurate representative results. In order to ensure accurate and representative 
results, all of the materials and equipment utilized during the treatability study met NJDEP 
criteria established in the NJDEP ''Field Sampling Procedures Manual", May 1992. 

The micro-batch reactors utilized for the treatability study consisted of high-density polyethylene 
wide-mouth jars, which were sealed with plastic screw caps. The micro-batch reactors were 
filled with soill groundwater slurry without headspace. The soil samples were sacrificed after 
their collection for analysis. This sacrificial approach ensures that all of the target contaminants 
are removed, thus eliminating the complexities of adsorption of the contaminants to soil or the 
surface of the micro-batch reactor. 

Analysis of the control samples containing soillgroundwater slurry without added iron powder 
served to determine the percent of Chromium lost due to unexpected reduction from other 
processes. 

The QAlQC measures for chromium analysis are similar to those mentioned in the previous 
section (blank check, double injection, evaluation of calibration results, correction of sample's 
volumes for analysis and correction actions). 

8.0 PROJECT OBJECTIVE 

This demonstration project will be used to evaluate the effectiveness of zero-valent iron (ZVI) in 
reducing hexavalent chromium in groundwater at SWMU-70. The goal is to reduce the 
concentrations to the MCL of l00ug/L in the Target Treatment Zone (TTZ). 

8.1 Project Organization and Scope 

ARS performed this field work under subcontract (number N62467-99-C-0960) to CH2M-Jones, 
LLC. The project began with a treatability study of soils and groundwater from the site to 
determine the feasibility of the Feroxsm process in the site-specific environment, as well as 
kinetic rates and target dosages of iron powder needed to meet treatment objectives. These 
findings are discussed in detail in a subsequent section and were used in designing the field 
implementation. Upon completion of the treatability study, ARS then mobilized to SWMU-70 
and proceeded to inject the designed dosage of ZVI in fifteen boreholes targeting 11 to 31 feet 
bgs . 
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8.2 Well ImtaIJation and Site Layont 

Heavy wall (HW) casing with a 4-inch inside diameter was installed using a Geoprobe 66DT drill rig prior to targeting each injection location. This approach provided a significant advantage over installing all casings at once by minimizing the amount of potential vent hole locations. Each injection location was grout sealed immediately upon completion. 

Fifteen injection locations were installed to encompass the TIZ. These locations were determined during a site visit to SWMU-70 on December 14,2001 by ARS and CH2M-Jones personnel. These locations were placed not only in areas to ensure adequate distribution of iron in the subsurface, but also in areas which could be accessed by the Geoprobe drill rig and the FeroxsM injection equipment. These locations are shown in Figure 12. 

Figure 12. Injection hole locations at SWMU-70 
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Due to an undulating boundary between the sandy deposit and the Ashley fonnation, depth of casing advancement varied throughout the site. In some locations, iron injections occurred as deep as 31 ft bgs, while in other areas borehole advance stopped at 27 ft. Casing advancement was terminated in each location when further progress of the casing became limited or stopped . 
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9.0 FEROXSM INJECTION OPERATIONS 

9.1 Injection Procedures 

Ferox,m injections were conducted within 15 boreholes between January 8 and 28, 2002. At 
shallow depths, typically above 15 ft below ground surface, the formation was loose enough that 
hydraulic pumping of the iron slurry was sufficient to penetrate the formation. In these 
instances, the mechanism for iron emplacement is most likely due to dispersion and fluidization. 
In deep applications, where pneumatic fracturing has occurred, the iron emplacement mechanism 
would follow conventional fracture flow characteristics as discussed in section 3.1. Fluidization 
is believed to have been the predominant emplacement process occurring at gas injection depths 
shallower than 28 ft bgs. This is discussed further in the results section of this report (section 
9.0). 

Each injection event consisted of a 5 to IS-second injection duration and encumbered a discrete 
2-foot linear interval within the borehole. The intervals were sealed using pneumatic packers 
that were inflated above the target zone. Starting at the deepest interval, injections were 
performed working upwards in the borehole. As the injection equipment was raised, the sandy 
formation collapsed under the equipment, forming a boundary layer below the injection nozzle 
and negating the need for a lower straddled packer. 

During each injection, data parameters including pneumatic pressure influence at surrounding 
monitoring points, ground surface heave measurements and visual field observations were made 
and recorded. Additionally, the pressure in the injection interval was logged electronically using 
a pressure transducer and datalogger system for later analysis and evaluation. 

9.1.1 Initiation and Maintenance Pressures 

During injections within the initial two boreholes, pressure readings were recorded by a pressure 
transducer located in-line with the high-pressure gas supply conduit leading to the down-hole 
injection nozzle. This transducer allowed the pressure within the supply line to be recorded 8 
times per second during the fracturing injections. Critical data obtained from the pressure 
transducer includes a pressure-history graph of how the formation responds to injections. In 
finer sediment zones such as clays and silts, examination of the pressure-history curve illustrates 
a clear initiation pressure and maintenance pressure, which is direct evidence of fracture 
propagation. The fracture initiation pressure represents the pressure at which the formation 
yields (or fractures). The fracture maintenance pressure represents the pressure required to 
overcome overburden stress and dilate induced fractures. The graphical representation of this 
data plotted over time provides insight to the in situ stresses of the formation, and serves as 
confirmation that fracturing has occurred. 
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9.1.2 Pressure Influence atAdjacent ~lls 

During all injections, pressure gauges were installed at existing wells and boreholes within the 
target area. By monitoring the pressure influence in this manner, information about the flow 
direction of gas or the propagation of fractures, and the understanding of pressure influence 
within the formation can be attained. This data can be used to quantify the degree and 
orientation of the subsurface gas flow and in tum the emplacement of the FeroxSM material. 

At monitoring well locations, pressure gauges were secured to the center rods of packer 
assemblies, which were inflated within the riser pipe. The pressure gauges were equipped with a 
drag arm indicator that measured the maximum gas or hydraulic pressure influence at each 
location during the injections. 

9.1.3 GrowuJ Swface Heave Monitoring 

Ground surface heave measurements were taken during each injection using surveying transits in 
conjunction with heave rods. The heave rods were placed within six feet of the injection well in 
use. During each gas injection, the rods were monitored with the survey transit to determine the 
maximum amount of upward motion (surface heave), and the post injection resting position, or 
permanent displacement, of the ground surface (residual heave). The presence of a stiff 
overlying cap at the site in the form of asphalt (outside the building) or concrete (inside the 
building), significantly effects surface heave measurements. These stiff layers can, in some 
cases, prevent surface or residual heave. In contrast, exaggerated movement can result when 
these surfaces do heave. Due to the stiff nature of these surfaces, movement at one point will 
invariably result in movement all around that point at distances that may not be representative of 
actual fracture propagation or pore space dilation. Therefore, these data parameters serve only as 
secondary data to quantify if fracture propagation did occur. 

9.1.4 StrncturalMovementMonitoring 

Prior to implementation of any field work, structural computer modeling of building 5 was 
conducted to insure that the FeroxSM injection operations would have no detrimental impact to 
the structure. These results were presented to CH2M-Jones in a report entitled "Gas Injection 
Structural Analysis," submitted on November 9, 200l. Based on the modeling results, 
movement criteria of O.5-inches for the structural supports was assessed as being a safe limit. 
During all injection events, the closest supporting column was monitored for movement using a 
graduated tape and a surveying transit. In addition, crack gauges were installed on all existing 
cracks on the outside of the building prior to beginning field work, and monitored throughout the 
injection activities . 
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10.0 RESULTS 

10.1 BaselineSampJing 

On September 27,2001, groundwater samples were collected from well E070GWOID within the 
TTZ using low flow sampling protocols as outlined by the Environmental Protection Agency 
(EPA). These samples were sent to NJAL for analysis of chromium compounds to verify 
background levels. CVOC analysis was also performed to confirm that high levels of 
chlorinated compounds were not present. 

Table 4 presents all baseline data. Results confirm minimal amounts of CVOCs and relatively 
high levels of hexavalent chromium (4ImgIL), consistent with levels reported in the RFP. All 
laboratory reports are presented in Appendix A. 

Table 4. Baseline analysis of groundwater taken from well E07OGWOID in the Target 
Treatment Zone at SWMU-70 

COMPOUND 

WELL CR'" CR(TOTAL) TCE DCE VC 

E07OGWOlD 41 PPM 50 PPM 26PPB 16PPB 50PPB 

10.1.1 Core Logging and Soil Grain Anolysis 

During baseline sampling, conducted on September 27, 2001, two soil cores were collected using 
a direct push sampling technique (SC-I and SC-2). These cores were sent back to ARS' offices 
where they were logged and sampled for representative soil that was used in the treatability 
testing. All soil core logs are presented in Appendix B. The soil strata consists of very fine 
sand and silt with few clay lenses. With depth, the soil changed from a light brown to grey color. 
At approximately 23 to 25 feet bgs, calcareous (shell) content became evident, common to beach 
sand depoSits. Clay became more predominant with depth. 

Approximately one kilogram of representative soil was collected from two soil cores and sent to 
Johnson Soils Engineering Company in Ridgefield, NJ, for sieve and hydrometer testing. 
Results indicate that the soils are representative of fine sand with traces of silt and clay. This is 
presented graphically in Figure 13. 
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Figure 13. Soil grain analysis for samples collected at SWMU-70, Charleston Naval Complex 
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10.3 Fero~ Injection 

10.3.1 DataandResulJs 

All injection data collected during the field events are presented in Appendix B. Data collected 
during each injection includes the injection interval, injection duration, il1iection set pressure, 
and gas flow pressure. Each of the parameters monitored during serves to quantify the 
effectiveness of the method by which the gas flows into the subsurface and it's orientation. 

I 
10.3.2 Analysis a/Pressure Transducer Data 

For each injection, the pressures in the injection interval are recorded by a pressure transducer 
located in-line within the conduit leading to the injection nozzle. These pressures are recorded 
by a data logging system located on the il1iection module and accessed using a lap top computer. 
By comparing the magnitude and shape of the pressure-history curve to previously collected 
curves in similar geology, assessment of fracture propagation is made. This information allows 
one to determine if fracturing resulted and two critical measurements; the fracture initiation 
pressure and the fracture maintenance pressure. The recorded fracture maintenance pressure is 
an average over the propagation time. 

The loose nature of the soil present at SWMU-70 produced initiation pressures generally less 
than 15Opsi. On some occasions, sand flowing into the fracture nozzle required a higher 
initiation pressure, which was typically less than 200psi. However, these pressures are not 

....... 
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representative of the initiation pressure, but rather the pressure required to displace the sand from 
inside the injector nozzle. 

All pressure-history curves collected during the first two injection well locations are presented in 
Appendix C. Figure 14 shows the pressure-history curve collected during injection at location 
PF-I with the fracture interval from approximately 23-25 feet below ground surface. A distinct 
pressure peak is visible during early times of this injection, representing the breaking pressure as 
the fonnation fractures, and is a typical shape for curves observed during successful fracturing 
attempts. 

The pressure plateau that follows the fracture initiation peak represents the pressure required to 
maintain dilation within these fractures or matrix (approximately 110 psig). The fracture 
initiation pressure for the curve presented in Figure 14 is approximately 180 psig. Based on this 
characteristic response, it can be concluded that during his injection, the gas and FeroxSM powder 
was emplaced through fracture propagation. In shallower applications where no pressure peak is 
visible (Appendix C), the emplacement of iron is likely from fluidization of the fonnation. 

Figure 14. Pressure-history curve collected from PF-l (23 to 25 feet bgs). 
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Unfortunately, an electrical short in the datalogging equipment occurred during injections at the 
third borehole resulting in no electronic data collection in subsequent boreholes. However, this 
lack of data in subsequent injections does not hinder the assessment of injection perfonnance. 
Regulator initiation pressures, which are manually set prior to the start of injections, remained 
relatively constant for similar depths of all subsequent injection locations suggesting that the 
fonnation is relatively consistent throughout the site. Slightly higher pressures were required 
inside the building to initiate flow, which is attributed to the additional weight of the structure. 
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In addition, monitoring of pressure response at surrounding wells and surface heave served as 
supplemental data and indicated that gas distribution was occurring in the subsurface. It will 
inevitably be the post-injection ground water sampling that will determine how effective the 
zero-valent iron injections have been in reducing the hexavalent chromium at the site. 

10.3.3 Analysis of Pressure Influence 

The monitoring of pressure response at various locations around an injection location Jrovides 
supplemental evidence that fracture propagation was the primary mechanism for Feroxs powder 
emplaced. This data also assists in determining which directions they may have propagated. In 
addition, the degree of pressure response can often help determine whether a monitoring point 
has been directly influenced (i.e. fractures propagate outward and intersect wells or boreholes), 
or indirectly influenced (i.e. existing pathways such as naturally occurring fractures or root holes 
are dilated). Minimal pressure response in monitoring wells located close to the injection point, 
may indicate fluidization is occurring where large dispersion of gas occurs. 

Pressure gauges with maximum pressure indicators were installed at all existing wells within the 
area of field activities. These wells included E070GWOO2, E07OGWOlD, and E07OGWOOl. 
Gauges were attached to the center rods of pneumatic packers, which were in turn inflated within 
the wells. These gauges were secured using threaded pipe fittings. 

I 
All pressure influence data is presented in Table 5. These pressure readings were recorded 
subsequent to each FeroxSM injection. At nearly all injection locations, pressure influence was 
recorded at E070GWOID, which is screened from 23.1 to 32.6 ft bgs. These pressure readings 
were also observed to increase as injection depths increased. This variation in pressure 
magnitude may be a result of several factors including increased regulator set pressures required 
to initiate flow within the subsurface at greater depths, and increased gas dispersion which likely 
occurs as injections become shallower. 

The additional overburden stresses that occur at deeper depths assist in keeping the gas/fracture 
propagation in a horizontal plane away from the injection location. At shallow depths, gas is 
more likely to propagate outward and upward more rapidly with distance from the injection 
location due to lower overburden pressures. This is evident during injections at PF1, PF4 and 
PF6 where gas influence began to register in monitoring well E07OGWOO1, which is screened 
shallower than the injection depth. During injection at PF4 from 24.5 to 26.5 feet bgs, gas 
influence was observed in both monitoring wells E070GWOOI and E070GWOID, screened at 2.5 
to 11.5 ft and 23.1 to 32.6 ft bgs respectively, suggesting that significant gas dispersion is 
occurring during this injection. 

In some instances, gas propagation was recorded greater than 60 feet (i.e. 10 psi reading in well 
E07OGWOID during injections at PF-14, 26 to 28 ft bgs). However, it is not interpreted that 
iron powder has traveled that distance. Since iron is very dense, it is expected that it would settle 
into the fonnation within approximately 30 feet of the injection location . 

.. ARS Technologies, Inc. 
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During some injections at locations PF-l, PF-4, and PF-13, pressure response was recorded in 
monitoring well E07OGW()()I, which is screened from 2.5 to 11.5 ft bgs (see Table 5). These 
pressure responses occurred during injections that took place at depths below this screened 
interval, but shallower that 26 ft bgs, indicating that gas propagated upwards into the screened 
portion of E07OGWOO1. In contrast, the lack of pressure response in E070GW()()1 during 
injections in surrounding points at depths deeper than 26 ft is good indication that gas 
propagation remained relatively horizontal during these instances. 

Though pressure influence measurements provide an indication of gas propagation and 
orientation, the lack of a pressure reading on the gauges does not always mean that pressure 
influence was not present at a particular location. A disturbance in the subsurface of any type 
inherently propagates a pressure pulse, however, the measurement of a pressure perturbation is 
limited by the device used to measure it. Any pressure measurements below approximately 0.2 
psig would not have been recorded by the pressure gauges used during the injection procedure. 
For detennining fracture propagation however, pressures below this level are not considered 
relevant. 

iii ARS Technologies, Inc. 
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Table 5_ Measured pressure response at existing monitoring wells during FeroxSM Injections at 
SWMU-70 

Well Depth Influence and Well Depth Influence and 
(ft bl!s) Location (ft b2S) Location 

PF-l 25-27 20 psi @MWI PF-7 25-27 20 psi @MWI 
23-25 5 psi @MWI 23-25 20 psi @MWI 
19-21 22 psi @MW2 PF-8 26-28 22 psi @MWI 

PF-2 25-27 25 psi @MWI 24-26 20 psi @MWI 
23-25 20 psi @MWI PF-9 27.5-29.5 25 psi @MWI 
21-23 15 psi @MWI 25.5-27.5 22 psi @MWI 

PF-3 23-25 18 psi @MWI 23.5-25.5 15 psi @MWI 
PF-4 28.5-30.5 25 psi @MWI 21.5-23.5 10 psi @MWI 

26.5-28.5 23 psi @MWI PF-ll 24-26 40 psi @MWI 
24.5-26.5 15 psi @MW2 22-24 25 psi @MWI 

20psi @MWI 
22.5-24.5 15 psi @MWI PF-12 25-27 8 psi @MWI 
20.5-22.5 10 psi @MWI PF-13 25-27 10 psi @MW2 

PF-5 25-27 28 psi @MWI PF-14 26-28 10 psi @MWI 
23-25 20 psi @MWI PF-15 29-31 10 psi @MWI 

PF-6 23-25 15 psi @MWI 27-29 10 psi @MWI 
15-17 5 psi @MW2 

MWI = E07OGWOID; MW2 = E07OGWOOI 

10.3.4 Discussion of Surface Heave DaJa 

Surface heave monitoring serves to provide supplemental evidence to support whether fracture 
propagation or gas fluidization flow during the gas based injections had occurred. During the 
injection, a heave rod placed within six feet of the injection location was monitored for surface 
movement. In most cases, heave ranging from 0.125 to 0.75 inches was recorded, confirming 
fracture propagation or soil void space dilation. Soil void space dilation would occur during 
fluidization, while fracture dilation would occur during a fracturing event. Surface heave 
measurements cannot distinguish these two mechanisms. Within the building, heave was 
consistently less than 0.5 inches. 

The presence of an asphalt surface significantly affects the heave of a formation by providing a 
stiff overburden boundary. This in turn results in little to no residual heave measurements. 
Residual heave is the difference in surface displacement from before and after fracturing, and is a 
result of an increase in void space within the formation due to fracturing and/or dilation of 
existing pathways within the soil. Due to the presence of the ashphalt surface and the slab 
flooring within the building, no residual heave was recorded . 

.... -.. 
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10.3.5 Strnctural Movement Monitoring 

During all injections, a structural support column located closest to the injection point was 
monitored for movement using a graduated tape and a survey transit. The movement criteria, as 
calculated using computer modeling and presented to CH2M-Jones in a report entitled "Gas 
Injection Structural Analysis," dated November 9, 2001, was detennined to be 0.5 inches. This 
maximum movement was not compromised during the entire field demonstration. 

In addition to structural movement, crack gauges were installed at random locations prior to the 
beginning of any field work on the outside of the building along pre-existing cracks. These 
gauges were monitored throughout the field application for crack propagation or dilation. No 
movement was observed. 

lOA Ferox"" Injections 

A total of approximately 16,725 kg of ZVI powder was injected at SWMU-70, CNC utilizing 15 
boreholes within the TIZ. Target intervals varied with depth due to the undulating contact of the 
Ashley fonnation and the overlying sandy unit. In general, boreholes were advanced to a 
maximum of 31 ft bgs and a minimum of 27 ft bgs. Iron was injected within discrete two-foot 
zones utilizing an upper packer, and the natural seal of the fonnation below. As shallower 
depths were addresses, soil collapsed below the injection nozzle, fonning a lower boundary. 

The proposed work plan outlined fracturing and iron injections to occur between depths of 10 to 
9 feet below ground surface. However, in several instances outside the building, severe 
daylighting of iron slurry occurred when targeting depths below 13 feet, caused by the loss of a 
seal around the annulus of the drive casing. To minimize any risks of spilling slurry within the 
building, which may have potentially damaged the tenant's equipment or bulk lumber that was 
present in the work area, all injections within the building were tenninated at 12 to 13 feet bgs. 
At location PF-13, which was located adjacent to the tenant's storage room and filled with 
expensive furniture, injections were tenninated at 19 ft bgs. At the 23 to 25 foot interval within 
this borehole, iron slurry began to daylight next to the roadway in an area that was recently dug 
and backfilled. The cohesion and compaction in this backfilled area is less than the compaction 
of the native soil, and therefore represents a weakened area where preferential flow occurs. 

Table 6 summarizes the iron dosages injected at each location. Appendix D provides a more 
comprehensive breakdown of iron distribution with depth for each location . 

.. ARS Technologies, Inc. 
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Table 6. Iron distribution during field injections at SWMU-70. 

Injection Date of Depth Approximate Weight of Iron Injected 
Location Injection (feet bgs) (kg) 

PF-I 1110/02 15-27 900 

PF-2 1114/02 17-27 975 

PF-3 
118/02 

11-27 1150 
119/02 

PF-4 1115/02 14.5-30.5 1525 

PF-5 1112102 13-27 1300 

PF-6 1122102 13-25 1150 
PF-7 1111102 13-27 1225 

PF-8 
1120/02 

13.5-28 1150 
1126102 

PF-9 
1118/02 

11.5-29.5 1650 
1119/02 

PF-IO 1/25/01 13-29 1025 

PF-11 
1119/02 

12-30 1150 
1125/02 

PF-12 1128/02 23-27 250 

PF-13 
1117/02 

19-29 950 
1118/02 

PF-14 1124/02 16-30 875 
PF-15 1123/02 13-31 1450 

Total Iron Injected 16,725 kg 

11.0 SUMMARY 

From January 8 to January 28, 2002, fifteen (15) locations at SWMU-70, Charleston Naval 
Complex were targeted with ZVI powder injections. A total of 16,725 kg of ZVI was emplaced 
targeting intervals from 31 to 11 feet below ground surface. 7 of these locations were located 
within a building structure. Structural movement and crack gauge mouitoring, as well as visual 
observations showed that no impact occurred to the building as a result of the injection process. 

Injection pressures typically less that 150 psi were required to initiate flow into the formation. 
Once initiated, injection pressures from 90 to 150 psi were required to inject the iron slurry, 
requiring approximately less than 15 minutes for 150 kg of iron to be emplaced. At depths 
shallower than 15 feet bgs the iron slurry could be hydraulically injected at pressures of less than 
100 psi. 

Variations in the magnitude of pressure influence at monitoring wells E070GWOOI and 
E07OGWOID during iron slurry injections indicate that gas propagation (and therefore slurry 
propagation) occurred relatively horizontal in applications below 26 ft. At shallower depths, 
pressure response in mUltiple monitoring wells, screened at different depths, suggests that 
significant dispersion may be occurring. Gas pressure influence was recorded from distances as 

" ..... " 
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much as 60 feet, indicating ihat ihe layout of injection point locations was sufficient to cover ihe 
target treatment zone. 

12.0 RECOMMENDATIONS 

ARS recommends ihat sampling of monitoring wells occur on a monthly basis to determine 
wheiher adequate reduction is occurring within ihe target treatment area. ARS also recommends 
that soil cores be collected wiihin ihe treatment area, specifically near monitoring well 
E07OGWOID where historically high levels of hexavalent chromium have been recorded. This 
may provide visual evidence of adequate iron dispersion wiihin the subsurface at SWMU-70 . 

.. ARS Technologies, Inc. 
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Laboratory Analysis Reports 
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AppendixB 

Soil Core Log Sheets 



AppendixC 

Pressure-History Curves for all Injection Events 
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Chain of Custody Forms 
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AppendixL 



Responses To EPA Comments On The 
RFI Report Addendum/CMS Work Plan, Revision ° 

Combined SWMU 70, Zone E 
Charleston Naval Complex 

EPA Specific Comments 

1. Page 5-1, Section 5.1.5, Line 8. 
A table has been inserted in the text indicating that lead is a surface soil COe. 
However, lead was not presented as a COC for any of the receptors discussed in 
Section 5.1.2. Additionally, lead calculations were not included in Appendix F. A 
discussion of lead should be included in the text, where appropriate. 

CH2M-Jones Response: 
Lead is not a cae. The referenced table simply highlights those constituents that were 
previously considered cacs in the Draft Zone E RFI Report, and are now not considered 
cacs based on direct exposure-based calculations. Lead was initially considered a cac in 
the Draft RFI report, based on results from a fixed-point based risk assessment. Section 5.0 of 
the CMS Work Plan presents the results of a direct exposure-based risk assessment, and these 
results indicate lead is not a cae. 

2. Page 5-3, Section 5.1.2. Line 9. 
The text states the exposure point concentrations (EPCs) were the 95-percent upper 
confidence limit (UCL95) on the mean for all media. EPA Region 4 guidance states if 
the calculated UCL exceeds the maximum detected value should be used as the 
concentration term. Text should be added to this section clarifying the use of the 
UCL versus the maximum concentration as the EPC (It is acknowledged that the 
UCL was less than the maximum for the chemicals). 

CH2M-Jones Response: 
The text will be revised to reflect the above comment in the Revision 1 RFI Report 
Addendum/CMS Work Plan for this site. 

3. Table F-6. 
There appears to be confusion with concentrations of certain chemicals on this table. 
For surface soil and combined surface and subsurface soil, the minimum 
concentrations are listed as being greater than the maximum concentration. The 
appropriate minimum and maximum concentrations should be included in the table. 

CH2M-Jones Response: 
The referenced table will be corrected and included in the Revision 1 document. 

SWMU7OZERFIRACMSWPREVORSPTOCOMM,DOC 
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